Potassium corrosion test loop development. Material specifications for advanced refractory alloys  Topical report no. 3 by Frank, R. G. & Miketta, D. N.
NASA- C_R,_54761 _
i
Potassium CorrOsiiQn Test _Loop/;Oevelopment
' GPO PRICE $
:'-<CFSTI PRICE(S) $
I
Hard copy (HC)
!
. :!
, , • . . .
' / #'x
' t _, # __ :, .:;:_/, , ....
] [ .,
SPACEiPoWER ANDPROI_ULSlON SECTION
MISSILE A ND iS PiAGIEi;DIV I SlON
GENERAL _i_E CTII I C
CINCINNATI, OHI'O 4'_21.$ "
-, • ,,
\
,- #_ .
j -, #
- /' i ,.
<' _t,
iV,
._ - .
.t: %
• , ¢
r
,<•
o .
.',
"k',t,,
-: .¢;.i .,.,:,,
. . .- . ,
., _<'
https://ntrs.nasa.gov/search.jsp?R=19660001384 2020-03-16T21:55:22+00:00Z
NOTICE
This report was prepared as an account of Government sponsored
work. Neither the United States, nor the National Aeronautics
and Space Administration (NASA), nor any person acting on
behalf of NASA:
A.) Makes any warranty or representation, expressed or
implied, with respect to the accuracy, completeness,
or' usefulness of the information contained in this
report, or that the use of any information, apparatus,
method, or process disclosed in this report may not
infringe privately owned rights; or
B.) Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
marion, apparatus, method or process disclosed in
this report.
As used above, "person acting on behalf of NASA" includes
any employee or contractor of NASA, or employee of such con.
tractor, to the extent that such employee or contractor of NASA,
or employee of such contractor prepares, disseminates, or
provides access to, any information pursuant to his employment
or contract with NASA, or his employment with such contractor.
Requests for copies of this report
should be referred to:
Notional Aeronautics and Space Administration
Office of Scientific and Technical Information
Washington 25, D.C.
Attention: AFSS-A
POTASSIUM CORROSION TEST LOOP DEVELOPMENT
TOPICAL REPORT NO. 3
MATERIAL SPECIFICATIONS FOR ADVANCED REFRACTORY ALLOYS
by
D. N. Miketta and R. G. Frank
Approved by
J. W. Semmel_ Jr.
Manager_ Materials and Processes
Prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
October i_ 1965
Technical Management
NASA-Lewis Research Center
Space Power System Division
T. A. Moss and R. L. Davies
•
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
FOREWORD
The work described herein was performed by the General Electric Company
under the sponsorhsip of the National Aeronautics and Space Administration under
Contract NAS 3-2547. The purpose was the preparation of comprehensive material
specifications for the procurement of advanced refractory alloys for evaluation
in boiling and condensing potassium environments which simulate projected space
electric power systems. Although the specifications found herein contain the
General Electric Company's designation, anyone who so desires are encouraged
to use the contents of the prepared specifications and assign their own speci-
fication numbers.
The material specifications were prepared by Mr. D. N. Miketta (deceased)
under the direction of Mr. R. G. Frank, Manager, Physical Metallurgy, Materials
and Processes. This work was administered for the General Electric Company by
Dr. J. W. Semmel, Jr., Manager, Materials and Processes. Mr. E. E. Hoffman,
Manager, Corrosion Technology, acts as Program Manager of the Advanced Refractory
Alloy Corrosion Loop Program which will evaluate the material performance.
Messieurs T. A. Moss and R. L. Davies are the Technical Managers for the National
Aeronautics and Space Administration.
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I. INTRODUCTION
A forced circulation_ two phase boiling and condensing potassium loop test-
ing program is being conducted under NASA Contract NAS 3-6474 to evaluate an ad-
vanced refractory alloy containment material and candidate turbine materials for
application in space electric power systems. A prototype of the test loop has
been designed_ constructed with the Cb-lZr containment alloy and Mo-TZM turbine
alloy_ and operated under NASA Contract NAS 3-2547. The advanced alloy test
facility includes two loops; lithium will be heated by direct resistance in the
primary loop and will be used in a heat exchanger to boil potassium in the
secondary corrosion test loop. Heat rejection for cgndensation in the secondary
loop will be accomplished by radiation in a high-vacuum environment. The com-
patibility of the selected materials will be evaluated at conditions representa-
tive of space electric power system operating conditions, e.g.:
i Boiling temperature - 2050°F
2 Superheat temperature - 2150°F
3 Condensing temperature - 1400°F
4 Subcooling temperature - 1000°F
5 Mass flow rate - 40 ib/hr
6 Boiler exit vapor velocity - 50 ft/sec
Average heat flux in boiler
Plug (0 to 18 inches) - 250_000 BTU/hr ft 2
Helix (18 to 250 inches) - 5_000 BTU/hr ft 2
One of the primary requirements in the selection and qualification of candi-
date materials is the ability to procure the necessary mill products to specifi-
cations that will assure the utilization of only high quality products with uni-
form and reproducible properties. This report covers the preparation of mate-
rial specifications for four candidate alkali metal containment alloys and two
candidate turbine alloys. The candidate containment alloys selected by NASA
are FS-85 and D-43 columbium alloys and T-ill and T-222 tantalum alloys. The
candidate turbine alloys are Cb-132M columbium alloy and Mo-TZC molybdenum
alloy.
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II. PREPARATION OF MATERIAL SPECIFICATIONS
Tentative material specifications were prepared for the procurement of (i)
bar and rod_ (2) sheet_ plate and strip and (3) seamless tubing and pipe for
the four candidate containment alloys_ D-43_ FS-85_ T-Ill and T-222_ and bar
and rod for the two candidate turbine alloys_ Cb-132M and Mo-TZC. Preparation
of the tentative specifications for the four candidate containment alloys was
based primarily on information gained from the past experience of the materials
producers; preparation of the tentative specifications for the two turbine alloys
was based primarily on experience at General Electric. The following material
producers and laboratories were visited by GE personnel prior to the preparation
of the tentative specifications for the containment alloys; those alloys on
which information was obtained are indicated:
Alloy
Company D-43 FS-85 T-ill T-222
E.I. duPont de Nemours &
Company_ Incorporated
X
Fansteel Metallurgical
Corporation
X X X X
Metals Division_ National
Research Corporation
X X
Stellite Division_
Union Carbide Corporation
X X X X
Westinghouse Electric Cor-
poration_ Astronuclear
Laboratory
X X
Upon completion of the tentative specifications_ inquiries were forwarded to
the material producersrequesting preliminary price and delivery information to
fulfill the procurement requirements for the Corrosion Loop Program as well as
soliciting comments and recommendations with respect to the tentative specifica-
tions. Generally_ the response from the material producers was most gratifying_
and it was apparent that the majority of the producers invested considerable
time and effort in attempting to establish mutually acceptable specifications.
Suggested changes that were made by the material producers can be categorized
in the following sections of the specifications:
@ Chemical Composition
• Mechanical Properties
Tensile
Stress-Rupture
-3-
• Grain Size
• Dimensional Tolerances
• Ultrasonic Inspection Pro-
cedures and Requirements
A comparison of the chemical composition established in the tentative speci-
fication_ recommended revisions in the chemical composition made by the material
producers and the final revision in the chemical composition incorporated in the
specification can be made in Tables I through VI. Similarily_ comparisons of
the specified room temperature tensile properties can be made in Tables VII
through X_ stress-rupture propertes in Tables XI through XIV and grain size in
Table XV. In making the final revisions to the specifications_ considerable
emphasis was placed on recommendations received from the originators of the alloy.
Limits for stress-rupture properties were based on data supplied by NASA. Also,
it was desirable to arrive at specifications that are amenable to at least two
suppliers for each alloy.
No changes were made from the tentative specificationsin the dimensional
tolerances or ultrasonic inspection procedures and requirements. The majority
of the producers requested changes in dimensional tolerances that were conven-
ient for their own equipment and the tolerances established for the tentative
specifications appeared to be as suitable as any that were proposed. The sug-
gested changes in ultrasonic procedures were unacceptable for technical reasons.
After the final revisions were made to the specifications, inquiries were
sent to the material producers again for final price and delivery quotations.
A summary of the response received from the material producers for the contain-
ment alloys is given in Table XVI. In the case of FS-85 and T-Ill alloys_ a
minimum of two major producers quoted to the specifications with no exceptions;
only one major producer quoted T-222 and D-43 alloys to the specifications with-
out taking exceptions. No quotations were received without exception to the
specifications for the turbine alloys Cb-132M and Mo-TZC; a summary of the re-
sponse received from the material producers for the turbine alloys is given
in Table XVII.
With the selection of T-Ill alloy for the primary material of construction
for the corrosion loop and both Cb-132M and Mo-TZC alloys for the turbine sim-
ulator, purchase orders were placed with the following producers:
AIIoz
I. T-Ill
Producer
Fansteel Metallurgical
Corporation
Exceptions to Specifications
i. No exceptions
2. Cb-132M Universal Cyclops
Steel Corporation
2. H, to be i0 ppm maximum in-
stead of 5 ppm maximum
-4-
Alloy
3. Mo-TZC
4. Mo-TZC
Producer
Climax Molybdenum
Company of Michigan
GE-Lamp Metals & Com-
ponents Department
Exceptions to Specifications
3. No guarantee of mechanical
properties
4. Single vacuum arc melt_
No guarantee of properties_
C range 0.10 - 0.15%_
Ti range 1.15 - 1.55%_
Zr range 0.13 - 0.23%
The quantity of material ordered and delivery schedule are given in Tabl_ XVIII.
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TABLE XVI I I. REFRACTORY ALLOY REQUIREMENTS FOR CORROSION TEST LOOP
A. Containment Test Alloy (T-111)
1. Rod
0.125 inch dia.
0.250 inch dia.
0.500 inch dia.
0.625 inch dia.
1.000 inch dia.
1.125 inch dia.
1.500 inch dia.
2.000 inch dia.
2.500 inch dia.
3.125 inch dia.
2. Bar
1.0 inch x 1.0 inch
3. Wire
0.062 inch dia.
0.094 inch dia.
4. Sheet/Foil/Plate
0.005 inch x 3.5 inch
0.006 inch x 3.5 inch
0.040 inch x 12.0 inch
0.500 inch x 6.125 inch
5. Tube/Pipe
2.25 inch OD x 0.375 inch wall
2.50 inch OD x 0.500 inch wall
3.00 inch OD x 0.375 inch wall
3.25 inch OD x 0.250 inch wall
3.25 inch OD x 0.500 inch wall
1.00 inch OD x 0.I00 inch wall
Weight_ lbs
15
1
6
3
21
5
7
82
94
75
309
8
6
8
14
0.6
0.2
21
22
43.8
40
50
50
40
73
95
Delivery
Schedule
Weeks
14
14
14
14
14
14
14
14
14
14
14
I6
16
16
16
14
14
16
16
16
16
16
24
-23-
TABLE XVlIIo
0.375 inch 0D x 0.065 inch wall
0.375 inch OD x 0.008 inch wall
3/8 inch Sch. 80 pipe
3/4 inch Sch. 80 pipe
B. Turbine Alloy
i. Rod (Mo-TZC)
2.0 inch dia.
1.0 inch dia.
2. Rod (Cb-132M)
2.0 inch diao
1.0 inch dia_
(Cont'd)
Weight} ibs
70
3
26
9
456
55
ii
66
27
6
33
Delivery
Schedule
Weeks
24
24
24
24
20
20
18
18
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III. MATERIAL SPECIFICATIONS
Subsequent to the formal issuance of the specifications_ the numbering sys-
tem was revised. A listing of the specifications showing the original and re-
vised specification numbers is given below. It should be noted that separate
specifications were prepared to less stringent requirements for foil and wire.
Specification Number
Title Revised Original
A. FS-85 (Cb-28Ta-lO.5W-O.9Zr) Columbium Alloy
Bar and Rod
Sheet_ Plate and Strip
Seamless Tubing and Pipe
Foil
Wire
01-0021-O0-B
01-O020-O0-B
01-0022-00-B
01-0042-00-A
01-0046-00-A
SPPS-30-RI
SPPS-28-RI
SPPS-32-RI
SPPS-62
SPPS-66
B. D-43 (Cb-10W-iZr-O.iC) Columbium Alloy
Bar and Rod
Sheet_ Plate and Strip
Seamless Tubing and Pipe
Foil
Wire
OI-O013-O0-B
01-0038-00-B
01-0037-00-B
01-O041-O0-A
01-0045-00-A
SPPS-20-R1
SPPS-57-R1
SPPS-56-R1
SPPS-61
SPPS-65
C_ T-111 (Ta-8W-2Hf) Tantalum Alloy
Bar and Rod
Sheet_ Plate and Strip
Seamless Tubing and Pipe
Foil
Wire
01-0015-00-B
01-O040-O0-B
01-0035-00-B
01-0043-00-A
01-0048-00-A
SPPS-22-RI
SPPS-59-RI
SPPS-54-RI
SPPS-63
SPPS-68
D. T-222 (Ta-10.4W-2.4Hf-0.01C) Tantalum Alloy
Bar and Rod
Sheet_ Plate and Strip
Seamless Tubing and Pipe
Foil
Wire
01-0014-00-C
01-0039-00-C
01-0036-00-C
01-0044-00-C
01-0047-00-B
SPPS-21-R2
SPPS-58-R2
SPPS-55-R2
SPPS-64-R1
SPPS-67R1
E. Cb-132M (Cb-20Ta-15W-5Mo-2Zr-0.13C) Columbium Alloy
Bar and Rod 01-0010-00-A
Bar and Rod 01-0010-01-A
SPPS-16-RI
F. Mo-TZC (Mo-I.25Tim0.15Zr-O.12C) Molybdenum Alloy
Bar and Rod 01-0011-00-C
Bar and Rod OI-0011-Ol-C
mP_
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SPECIFICATION
BAR AND ROD: FS-85 (Cb-28Ta-10.5W-0.9Zr_ ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
BAR AND ROD: FS-85 (Cb-28Ta-10.5W-0.9Zr) ALLOY
i.i. Scope. This specification covers FS-85 (Cb-28Ta-10.5W-0.9Zr)
alloy in bar and rod form intended for high temperature structural
applications and alkali metal containment°
.
2.1.
2.2.
APPLICABLE DOCUMENTS
Government Documents. None
Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation (Pending)
ASTM EI12-61
(1961)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
Method of Tension Testing of
Metallic Materials
Recommended Practices for Des-
ignating Significant Places
in Specified Limiting Values
Methods for Chemical Analysis
of Reactor and Commercial
Columbium
Estimating Average Grain Size
of Metals
Radiographic Inspection
Fluorescent Penetrant Inspec-
tion
Contrast Dye Penetrant Inspec-
tion
-28-
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Acknowledgments. The vendor shall mentlon:this specification
in all quotation_ and all purchase order acknowledgments.
3.2. Manufacturq. Material covered by this specification shall be
_ade from ingotsWhich have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall _e performed with conventional extrusion, forging
and rolling equip_ent normally found in primary ferrous and nonferrous
plants. _
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the fin-
ished product shall exceed 75%. The amount of final reduction for
each mill product, imparted just prior to the final vacuum heat treat-
ment and the total reduction since the previous recrystallization anneal
shall be _eported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shalllbe supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6. All annealing shall be carried
out in a vacuum less than 1 x 10-5 tort.
3.4.2. Heat Treatment. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned, and protected from furnace
partsby a layer of fresh tantalum, columblum, or Cb-lZr alloy foil
0.002-1nch thick or greater. When annealing is carried out in a
vacuum greater than 1 x 10 -5 tort, with the prior approval of the pur-
chasers all mill products shall be enclosed in a chemlcally cleaned
tantalum, columblum or columblum-1% zirconium a11o 7 retort or wrapped
in a minimum of two layers of fresh tantalum, columbium, or columblum-
1% zirconium alloy foll 0.002-inch thick or greater. The conditions
of final annealing shall be reported in the certificate of compliance.
/3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
.....examined metallographlcally for evidence of posslble contamination
caused by unsatisfactory heat treating atmospheres or processlngcon-
-29-
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A microhardness traverse shall show _ hardness increase not
greater than 50 VHN from the center _o the surface of a cross-sectional
sample of the fir_al product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed hhe limits set forth in paragraph 3.5.3. Any indication
of contamination shall be cause for rejection of all material repre-
sented by that sample. The material shall be acceptable if the con-
taminated layer iscompletely eliminated before shipment by a machining
operation within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mld-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses of products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check AnalKsis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis, ppm
Carbon I00 + i0
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen
2.'6. .Grain Size.
to the following
i0 + 2
The grain size of the final products
limits:
shall conform
-30-
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Molybdenum
Nickel
Cobalt
Iron
Tantalum •
Tungsten
Zirconium
Columbium
CHE_..CAL COMPOSITION
FS-85 (Cb-28Ta-10.5W-0.9Zr)
Minimum Content
I ppm
1
1
l.
1
1
1
1
!
26 Wlo
10 wlo
0.6 w/o
Remainder
ALLOY
Maximum Content
ppm
I00
75
100
10
200
50
50.
50
29 Wlo
12 Wl o
I. i Wl o
/
/
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Allowable Spread
in ASTM Grain Size
No s. inAny One Ire m
% R x
Minimum
0,125 to 0.250 4 2 i00
0.250 to 0.500 4 2 i00
0.500 to 1.0 4 2 I00
1.0 to_2.0 4 2 95
Greater than 2.0 3 3 90
3,7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirementss
3.7.1. RoomTemperature Tensile Properties. Representative samples of
the material in final form shall be capable of the following property
limits at room temperature (65°-85°F).
Ultimate Tensile
Strength, ksi
Minimum Maximum
0.2% Yield Elong., %
Strengthj ksi. . in 4D
Minimum Maximum Minimum
70 i00 50 80 20
3.7.2. Strdss-to-Rupture Tests. The materlal shall be capable of
achieving the following stress-rupture llfe under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp, _ °F Stress, ksi
Minimum Life
Hours
2200 16 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
/'less than 100 ppm; increase in hydrogen content--less than 5 ppm; in-
/ crease in carbon content--less than I0 ppm. The following limits shall
apply to check analyses .of the analytical results:
-32-
3.8. Tolerances
3 8.1.
3.8.1.1.
Carbon + I0 ppm
Oxygen ± 50 ppm
Nitrogen ± 50 ppm
Hydrogen ± 2 ppm
Rolled I SwaRed, or Drawn Rounds
Definition.
Diameter.
SPPS-30-RI
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Rod - 3.5 inches in diameter or less.
The permissible variation in diameter and the3.8.1.2.
llmits of out-of-roundness of descaled rounds shall not exceed those
in Table II (refer to page 8).
3.8.1.3. Cut Lengths. Maximum length variation shall be 0.25-inch.
3.8.1.4. Straightness.
foot in any length.
Maximum deviation shall be 0.050 inch per
3.8.2. Square or Rectangular Bar
3,8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch or more thick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following £olerances:
Thickness Length Width
+ 0.125 inch + 0.125 inch± 0.025 inch or _ 5Z,
whichever is less
3.8.2.3. Straightness
per foot in any length.
of Bar. Maximum deviation shall be 0.050 inch
3.9. Reports. The manufacturer shall supply at least three copies of
/ a report showing non,proprletary manufacturing methods, processing con-
ditions, and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the specifi-
cation and the purchase order or contract number.
-33-
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TABLE II
PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR
Diameter
Diameter Variation 0ut-of-Roundness
Inches Inch Inch
0.125 to 0.281
Over 0.281 to 0.406
Over 0.406 to 0.625
Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375
Over 1.375 to 1.500
Over 1,500 to 1.625
X)verl.625 to 2.000
_Over'2.000 to 2.500
Over 2.500 to 3.250
Over 3.250 to 3.500
+ 0.002, -0.002
I 0.010, -0.005
+ 0.010, -0.005
+ 0.015, -0.005
+ 0.020, -0.005
÷ 0.020, -0.010
+ 0.020, -0.015
+ 0.025, -0.015
+ 0.030, -0.030
+ 0.032, -0.032
+ 0.032,-0.032
+ 0.045, -0.045
0.004
0.008
0.012
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
0.040
Centerless Ground Rounds
0.0625 to 2.0
Over 2.0
+ 0.002, -0.002
+ 0.003, -0.002
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4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,
whichever is smaller, shall be a minimum of 0.500 inch apart; those in-
dications less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth _o
remove any notch effect provided dimensional tolerances are still main-
, tained.
5. qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests and
inspections of the material covered by this specification before ship-
ment, unless otherwise specified. All test and inspection results shall
be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall give
the purchaser ample notice of the time and place of designated tests.
If the purchaser's representative is not present at this time and a
new date is not set, the requirement for purchaser's inspection at the
place of testing is waived. When the purchaser's representative is
present at the appointed time and place, the manufacturer shall afford
him, without charge, all reasonable facilities to assure that the mate-
rial is being furnished in accordance with this specification. This
inspection shall not interfere unnecessarily with production operations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
/of the material and uncontaminated by the samplingprocedure. Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., samples may be taken
transverse to the final working direction from bar of sufficient width
-35-
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or from bar greater than 2 inches in diameter. If ther_ ' is any ques-
tion about the sampling technique or the analysis, the methods for
sampling and analysis shall be those agreed to by the buyer and seller.
The location of test samples shall be reported in the certificate of
compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be _ttled by accepted referee
methods, such as the ASTM "Methods for Chemical Analysis of Reactor and
Commercial Columbium."
5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of •
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.05 inch, plus or minus 0.02 inch, per inch per minute to fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
Specimens shall be tested in a vacuum of i x 10 -6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM SpecificationEll2-61, "Estimating the Average Grain Size of
Metals."
/
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tess shall be:
-36-
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lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting
obvious surface contamination or improper, preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.
5.7. Inspection
5.7. I. Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph %.2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger
shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate
to the diameter being inspected (360 degree transducers are allowable
-37-
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where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear positiol, one with the transducer
in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise sp,_cified.
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved sole_ for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the thick-
ness. Calibration settings to achieve 80% amplitude of these notches
or holes along with the magnitude of the other applicable calibration
defects'shall be recorded. For example, on bar with shear wave, the
notch on the near surface should be set at 80% and the amplitudes re-
corded for the indications from the hole and the notch on the far sur-
face. Gain settings should be recorded to achieve 80% as above and
80% on each of the other applicable calibration defects. For longi-
tudinal wave, only the 0.020-inch diameter holes, with additional holes
at 1/4 and 1/2 the thickness if the thickness exceeds 0.750-inch shall
be used for calibration.
5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared '
to the calibration from the far surface notch; defects near the cen-
ter shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibration
from the near surface notches.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings,
/ and the amplitude and location of each defect whose amplitude is 60%
or greater.
-38
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5.7.1.2.5. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magni=ude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified
in paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection,"
or AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in =he
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Re_ection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept +
able referee's test shall be usedto determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly •
and conspicuously marked or tagged with the number of this specifica-
tion_ purchase order or contract number, type, ingot number , lot numberj
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number or
lot number_ each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
// polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any conxnon carrier.
-39-
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7. DEFINITIONS
7.1. Lo._t. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in
which temperatures may reach 500°F or above. When process temperatures
and environments are closely controlled or when closely adjacent sizes
receive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company_
7.2. Check Analysis. An analysis may be_requested 5y the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden,Xhe specified heat analysis requirements but rather.
cover variations between laboratories in the measurement of the chemical
content.
7.3. Significance of NumericalLimits. For determining compliance
. with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended
Practices for Designating Significant Places in Specified Limiting
Values."
//
Test
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Tensile strength
Elongation
Rupture llfe
Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Nearest I00 psi
Nearest i%
Nearest 0. i hour
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SPECIFICATION
FS-85 (Cb-28Ta-10.5W-0.9Zr) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
SHEET_ PLATE_ AND STRIP: FS-85 (Cb-28Ta-10o5W-0.9Zr) ALLOY
i. SCOPE
i.i. Sc__. This specification covers FS-85 (Cb-28Ta-10.5W-0.9Zr)
alloy in sheet, plate, and strip form intended for high temperature
structural applications and alkali metal containment°
g
2.1.
2.2.
APPLICABLE DOCUMENTS
Government Documents. None
Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation (Pending)
ASTM EI12-61
(1961)
AMS 2242A
(i December 1950)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
Method of Tension Testing of
Metallic Materials
Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values
Methods for Chemical Analysis
of Reactor and Commercial
Columbium
Estimating Average Grain Size
of Metals
Tolerances, Corrosion and Heat
Resistant Sheet, Strip and Plate
Radiographic Inspection
Fluorescent Penetrant Inspec-
tion
Contrast Dye Penetrant Inspec-
tion
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Evaluation Test Methods for Re-
fractory Metal Sheet Materials
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging
and rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and the
total reduction since the previous recrystalliza_ionanneal, shall be re-
ported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than i x 10-5 tort. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columblum or Cb-iZr alloy foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum greater
than i x 10 -5 tort, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-lZr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbiumor Cb-IZr alloy loll 0.002-inch thick or greater.
The condltlons of final annealing shall be reported in the certificate
of compliance.
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3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross _ectional
sample of the final product. At the discretion of the purchaser, sam-
pies taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified_i_e_i6ns and tolerances.
3.5. Chemical Composition
3.5.1, Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radlus and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I), except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits, Max., ppm
Permissible Variations
in Check Analysis, ppm
Carbon i00 + i0
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Molybdenum
Nickel
Cobalt
Iron
Tantalum
Tungsten
Zirconium
Columbium
FS-85
TABLE I
CHEMICAL COMPOSITION
(Cb-28Ta-10.5W-O. 9_r)
Minimum Content
ppm
D
26 w/o
i0o w/o
0.6 w/o
Remainder
ALLOY
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Maximum Content
ppm
i00
75
I00
i0
200
50
50
50
29 w/o
12 w/o
I.i w/o
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3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Product
Thickness _ Inches
0.010 to 0.060
0.060 to 0.125
0.125 to 0.187
0.187 to 0.500
0.500 to 1.0
Greater than 1.0
.7.
Allowable Spread
Minimum Allowable in ASTM Grain Size % Rx
ASTM Grain Size No. Nos. in Any One Item Minimum
6 2 i00
4 2 i00
4 2 i00
3 3 95
3 3 95
3 3 90
Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F):
Ultimate Tensile
StrenKth_ ksi
Minimum Maximum
0.27o Yield
StrenKth_ ksi
Minimum Maximum
Elong., %
in 2 Inches
Minimum
70 i00 50 80 20
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp._ OF
Minimum Life
Stress_ ksi . Hours_
2200 16 20
Chemical analyses of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
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less than i00 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shal_
apply to check analyses of the analytical results:
Carbon + i0 ppm
Oxygen ± 50 ppm
Nitrogen _ 50 ppm
Hydrogen _ 2 ppm
3.7.3. BendDuctility. Representative samples of the materials in
final form shall withstand the following bend test at room temperature
without failure when tested according to procedures described in the
most recent revision of theMaterials Advisory Board report MAB-176M,
"Evaluation Test Methods for Refractory Metal Sheet Materials." The
samples shall be sectioned with the long axis of the bend specimens
perpendicular to the final rolling direction.
3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over
a IT radius through 105 ° at a ram speed of i inch per minute and subse-
quently flattened for a total bend of 180 ° .
3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a IT radius through 105 ° at a ram speed of i inch per minute.
3.8. Tolerances
3.8.1. Plate
3.8.1.1. Definition. Plate includes material 6 inches wide or over
and 0.187 inch or more in thickness.
3.8.1.2. Dimensions.
tolerances:
Plate dimensions shall conform to the following
Thickness Width LenKth
± 0.025 inch or ± 5%
whichever is less
+ 0.125 inch + 0.125 inch
3.8.1,3. Flatness. Flatness tolerance on plate shall conform to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and
Plate.'_
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3.8.2. Sheet
3.802.1. Definition. Sheet includes material 6 inches wide or over
and up to 0.187 inch in thickness.
3.8.2.2. Dimensions.
sented in Table II.
Sheet dimensions shall conform to those pre-
3.8.2.3. Flatness. See paragraph 3.8.3.3.
3.8.3. Strip
3.8.3. i. Definition. Strip includes material less than 6 inches
wide and up to 0.187 inch in thickness.
3.8.3.2. Dimensions.
sented in Table II.
Strip dimensions shall conform to those pre-
3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 6% as determined by the formula:
H
x i00 = 7_ Flatness Deviation
where
H = maximum distance from a flat reference surface
and
L
= minimum distance from this point to the point of con-
tact with the reference surface.
The actual values shall be reported. In determining flatness, the
sheet shall not be subject to external pressure at any point but shall
lie freely on a flat surface during measurement. Oilcanning will be
reported. An estimate of the extent (area, height, etc.,) of these
defects shall be made.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
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TABLE !I
DIMENSIONAL TOLERANCES FOR SHEET AND STRIP
Material
Thickness, Inch
0.010-0.019
0,020-0.039
0.040-0,059
0.060-0. 089
0 _ 090-0.129
O. 130-0. 159
O, 160-0. 187
Width,
Inches
to 24
to 24
to 24
to 24
to 24
to 24
to 24
Thickness
Tolerances_ Inch_
+ 0.001
+ 0.0015
+ 0.002
+ 0.003
1
+ 0.004
1
+ 0.005
l
+ 0.010
Material
Thickness I Inch
0.010-0.059
0.060"0.125
0.126-0.187
Width
Tolerances _ Inch
+ 0.031, -0
+ 0.046, -0
+ 0,125, -0
Material
Thickness, Inch
O. 010-0. 059
O. 060-0. 125
O. 126-0. 187
Length
Tolerances I Inch
+ 0.046, -0
+ 0.062, -0
+ 0. 125, -0
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4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil residual lubricants, and other ex-
traneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable° Those indications in
the range 0.010 inch to 0.020 inch or 2% of the thickness, whichever
is smaller, shall be a minimum of 0.50 inch apart; those indications
less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still
maintained.
5. QUALITY ASSURANCE PROVISIONS
5.1o Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test_and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and a new date is not set, the requirement for purchaser's in-
spection at the place of testing is waived. When the purchaser's repre-
sentative is present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities toassure
that the material is being furnished in accordance with this specifica-
tion. This inspection shall not interfere unnecessarily with produc-
tion operations.
• °
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., specimens may be taken
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transverse to the final working direction from plate and sheet and
from strip if of sufficient width. If there is any question about the
sampling technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of test
samples shall be reported in the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth
ods for metallic elements. Disputes shall be settled by accepted ref_ee
methods, such as the ASTM "Methods for Chemical Analyses of Reactor and
Commerical Columbium."
5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods 8f Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.02 inch, per inch per minute to fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are :
Specimens shall be tested in a vacuum of i x 10 -6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test tempera-
ture before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
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Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Bend Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination r Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.
5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at the
option of the manufacturer. The lot shall be acceptable if all test
results, after reworking, conform to this specification.
5.7. !nspection
5.7.1. Methods of Inspeqtion
5.7.1. i_ Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified in
paragraph 4.2 using the technique described in AMS 2635, "Radiographic
Inspection." The radiographs and product shall be identified so the
exact position of each radiograph can be correlated with the specific
area on the particular product.
5.7.1.2. Ultrasonic. Unless otherwise agreed to by the purchaser and
the vendor, the material shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the in_nersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longi-
tudinal and transverse shear.
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Transducers for the shear wave inspection shall be focused, preferably
cylindrically, to a beam no more than 0.125-inch wide in its smaller di-
mension (where it enters the material being inspected). Cylindrically-
focused transducers shall not exceed 2 inches in length. The focal
distance shall be adjusted when the transducer is beamed perpendicular
to the surface of the calibration piece; then this focal distance shall
be maintained throughout the actual inspection. After the focal distance
is established, an appropriate shear wave angle shall be set and the
calibration notch indication shall be set at 80% on the indication where
the sound beam traverses one or two thicknesses of the sheet (depending
on whether the notch is on the'far side or incident side of the sheet).
Calibration gain settings shall be recorded when the calibration de-
fect is on both the incident and the far side of the sheet. If there
is any difference in the indication, that gain setting giving an 80%
indication from the side which produces the smaller indication shall be
used for inspection. Calibration shall be done before and after the
ultrasonic inspection, or at the beginning and end of each work shift.
If the magnitude of indication from the calibration notch differs 10%
or more from the previous calibration, all material inspected since then
shall be reinspected.
5.7.1.2.2. Calibration of Plate. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibratiom
purposes. The depth of the notches shall be 0.005 inch, the width
shall be 0.005 inch and the length greater than the ultrasonic beam
width. The notches shall be placed on the surface of the calibration
piece perpendicular to the direction of the intended shear wave inspec-
tion, i.e., transverse and longitudinal and at least i inch from the
edge of the plate. In addition, a 0.020-inch diameter hole shall be
made in the calibration piece parallel to the surface to a depth of
at least 0.750 inch at a point one-half the thickness of the plate. If
the thickness of the plate exceeds 0.750 inch, similar holes shall also
be made at points one-quarter and three-quarters of the plate thickness.
Calibration settings to achieve 80% amplitude of the notches and holes,
along with the magnitude of the other applicable calibration defects,
shall be recorded. For example, on plate using a shear wave, the notch
on the near surface should be set at 80% and the amplitude recorded for
the indications from the hole and notch on the far surface. Gain
settings should be recorded to achieve 80% as above and 80% on each of
the other applicable calibration defects. For longitudinal wave in-
spection, only the 0.020-inch diameter holes shall be used for calibra-
tion.
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5.7.1.2.3. Calibration of Sheet and Strip. The sheet shall be inspected
by a shear wave beam pointed in both longitudinal and transverse direc-
tions. Calibration shall be done on notches cut perpendicular to the
direction of the beam in pieces of sheet of the same material and thick-
ness as that to be inspected. If that portion is later trimmed and
scrapped, the calibration notches may be made on a section of the actual
sheet. The depth of the calibration notches shall be 3% of the sheet
thickness; width, no greater than the depth; length, no more than I inch.
All notches shall be at least i inch from the edge of the sheet. Dupli-
cate notches may be made on the opposite face of the sheet in locations
Where the sound beam will not intersect both notches in a single tra-
verse, or the sheet may be turned over during calibration to determine
the relative response from the calibration notch on both the incident
and far side of the sheet.
5.7.1.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect° For example, with shear
wave, the defects on or near the far surface shall be compared to the
calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from
the near surface notch.
5.7.1.2.5. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.2.6. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magnitude obtained from the
appropriate calibrated notch in the sample shall be cause for rejec-
tion; unless otherwise agreed by the purchaser and vendor.
5.7.1o3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "ContraSt Dye Penetrant Inspection." All parts thus inspected
shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
-54-
SPPS-28-RI
23 _December 1964
Page 15 of 16
5.8. Re_ection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly and
conspicuously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box
or carton consists of components from more than one ingot number or lot
number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
7. DEFINITION
7.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
Ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7.2. Check Analysis. An analysis may be requestedSy the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broadenthe specified heat an_ysis requirements but rather cover
variations between laboratories in the measurement of the chemical con-
tent.
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7.3. Significance of Numerical Limits. For determining compliance with
the specified limits for requirements of the properties listed below,
an observed value or a calculated value shall be rounded off using the
rounding-off method in ASTM Designation E29-58T, "Recommended Practices
for Designating Significant Places in Specified Limiting Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when
expressed decimall_
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest 1%
Rupture life Nearest 0.i hour
°
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SPECIFICATION
SEAMLESS TUBING AND PIPE: FS-85 (Cb-28Ta-10.5W-0.9Zr) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI_ OHIO 45215
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SPECIFICATION
SEAMLESS TUBING AND PIPE: FS-85 (Cb-28Ta-10.5W-0.9 Zr) ALLOY
i. SCOPE
i.i. Scope. This specification covers FS-85 (Cb-28Ta-10.5W-0.9Zr) alloy in
tube and pipe form intended for high temperature structural applications and
alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents.
2.2. Non-Government Documents
ASTM Designation ES-57T
(26 December 1957)
ASTM Designation E29-58T
(i958)
None
ASTM Designation (Pending)
ASTM Designation EI12-61
(1961)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
Method of Tension Testing of
Metallic Materials
Recommended Practices for
Designating Significant Places
in Specified Limiting Values
Methods for Chemical Analysis
of Reactor and Commercial Columbium
Estimating Average Grain Size
of Metals
Radiographic Inspection
Fluorescent Penetrant Inspection
Contrast Dye Penetrant Inspection
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3.1. Acknowled_ents. The vendor shall mention this specification
in all quotations and all purchase order acknowleds_ents.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
tube reducing and drawing equipment nornmlty fo_md:in _ferrous and,non-
ferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total amount of reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted Just prior to the final vacuum heat treatment and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product will be supplied in the recry-
stalllzed condition throughout the cross-sectlonal area to the grain
size range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than 1 x 10-5 tort. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columblum or Cb-IZr allo 7 foll
0.002-1nch thick or greater. When annealing is carried out in a
vacuum greater than i x 10-5 tort, with the prior approval of the pur-
chaser, all mill products shall be enclosed in a chemically cleaned
tantalum, columblum or Cb-IZr alloy retort or wrapped in a minlmum of
two layers of fresh tantalum, columbium or Cb-lZr alloy foil 0.002-1nch
thick or greater. The conditions of final annealing shall be reported
in the certificate of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographlcally for evidence of posslble contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A mlcrohardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
pies taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication
of contamination shall be cause for rejection of all material repre-
sented by that sample. The material shall be acceptable if the con-
taminated layer is completely eliminated before shipment by a machin-
ing operation within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition _ The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-_enter, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations:
For Wall Thicknesses 0.020 Inch or Greater
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis, ppm
Carbon i00 + i0
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Molybdenum
Nickel
Cobalt
Iron
Tantalum
Tungsten
Zirconium
Columbium
TABLE I
CHEMICAL COMPOSITION
FS-85 (Cb-28Ta-10.5W-0.gzr) ALLOy
MinlmumContent
PP_
m
m
m
i
e
m
26.0 w/o
I0.0 w/o
0.60 w/o
Remainder
Maximum Content
DDRI
100
75
100
10
200
50
50
50
29.0 w/o
12.0 w/o
i. i0 w/o
m
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For Wall Thicknesses Less Than 0.020 Lncn
i
Check Analysis Permissible Variations
Limits_ Max., ppm in Check AnalTsls , ppm
Carbon 150 + i0
Oxygen 300 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Product Wall
Thickness, Inches
Minimum Allowable
ASTM Grain Size No.
Allowable Spread in
ASTM Grain Size
Nos. in Any One Item Minimum.
Less than 0.010 6 2 I00
0.010 to 0.065 6 2 i00
0.065 to 0.125 5 2 i00
0.125 to 0.250 4 2 95
0. 250 to 0.500 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).
Ultimate Tensile
StrenRth_ ksi
Minimum Maximum
0.2% Yield
StrenRth, ksi
Minimum Maximum
ElonK., %(1)
Minimum
70 i00 50 80 20
(i) % Elongation in 4D for Threaded or Button-Head
Test Specimens; in 2 Inches for Flat Test Speci-
mens.
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3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3) :
Test Temp. _ °F Stress I ksi
Minimum Life
Hours
2200 16 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 190 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to check analyses of the analytical results:
Carbon + i0 ppm
Oxygen ± 50 ppm
Nitrogen _ 50 ppm
Hydrogen ± 2 ppm
3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a hydrostatic pressure sufficient to produce a fiber stress of
12,000 psi. The test pressure, not to exceed i0,000 psi, shall be de-
terminated by the equation (P = 2St/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi
t = average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.
3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with
a tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.
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3.8. Tolerances
3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 9).
3.8.2. Length. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus i/8 inch
will be permitted in lengths up to 6 feet. In lengths over 6 feet, a
variation of plus 1/4 inch will be permitted, unless otherwise specified.
3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to i0 feet, the maximum bow shall not exceed one part in 1200;
for lengths greater than i0 feet, the maximum bow shall not exceed one
part in 600, unless otherwise agreed upon.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. Cracks, laps, seams, fins, and tears shall be un-
acceptable. The surface shall also be free from oxide or scale of
any nature, grease, oil, residual lubricants, or other extraneous
material.
4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the range of 1% to 3% of wall thickness must be a minimum
of 0.50 inch apart. Indications with dimensions less than 1% of the
wall thickness must be a minimum of 0,12 inch apart.
4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by
grinding provided the wall thickness is not decreased below that per-
mitted in Table II (refer to page 9).
5. qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
-64-
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TABLE II
PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS
Nominal OD OD ID
Inches Inch Inch
0.187 to but not incl. 0.625
0.625 to but not incl. 1.000
1.000 to but not incl. 2.000
2.000 to but not incl. 3.000
3.000 to but not incl. 4.000
+ 0.004 + 0.004
+ 0.005 + 0.005
+ 0.0075 + 0.0075
+ 0.010 + 0.010
+ 0.0125 + 0.0125
Wall
Thickness
%
i
+ I0
+ i0
+ i0
+ I0
+ I0
NOTES: .............................
(1)
(2)
(3)
(4)
Tolerances are applicable to only the two dimensions specified
On the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.
For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.
For tubes having an inside diameter less than 60% of the out-
side diameter or a wall 3/4 inch or over thick, which cannot be
successfully drawn over a mandrel, the inside diameter may vary
by an amount equal to plus or minus 10% of the wall thickness.
The wall thickness of these tubes may vary plus or minus 12.5%
from that specified.
Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter,
th_ ovality tolerances are double the tolerances in column 2
or _, For ovality tolerances for tubes with wall thickness
less t_an 2% nominal 6utslde diameter, the producer shall be
consulted.
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5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of,the time and place of designated tests.
If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's inspection at the
place of testing is waived. When the purchaser's representative is
present at the appolnted time and place, the manufacturer shall afford
him, without charge, all reasonable facilities to assure that the mate-
rial is being furnished in accordance with this specification. This
inspection shall not interfere unnecessarily with production operations.
5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing requited
in paragraphs 5.4.2 and 5.4.3 shall be mutually agreed upon_ by the ven-
dor and purchaser prior to the placement of a purchase order. The lo-
cation of all test samples shall be reported in the certificate of
compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analysis of
Reactor and Commercial Columbium."
5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTMDesignation ES-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are :
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Specimens shall be tested in a vacuum of i x 10 -6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Flare Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.
5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be reworked
at the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.
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5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in
paragraph 4.2 using the techniques described in AMS 2635, "Radiographic
Inspection." The radiographs and product shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.
5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the
purchaser and the vendor, the material shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used with
or without automatic equipment to rotate the tube past the transducer.
If spiral pattern inspection traverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position rela-
tive to the tubing so the beam-to-tubing angle remains constant. For
axial (longitudinal) shear, transducers must have no greater than 0.5
inch axial length. Transducers must be cylindrically focused for a
diameter range which includes the tubing on which it is to be used.
5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of
the notches shall be 3% of the wall thickness to a minimum depth of
0.001 inch; the width, no greater than depth; the length, at least that
of the ultrasonic beam with a maximum length of i inch. Material
having a wall thickness greater than 0.150 inch shall also have a 0.020-
inch diameter hole machined into the wall in the longitudinal direction
at mid-point of the wall thickness. Focusing shall be done to maximize
the indication from the inside diameter notchplaced properly for the
type of inspection contemplated. After focusing is completed, the in-
side diameter indication shall be set at 80% and gain setting recorded.
Gain setting for 80% on the outside diameter notch shall also be re-
corded. Inspection shall be at the gain setting for the inside diameter
indication. A distance corresponding to the wall thickness shall be marked
on the oscilloscope. Focal distance to the part to be inspected shall
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be set to that used for the calibration piece before beginning in-
spection. Calibration shall be done both before and after the inspec-
tion or at the beginning and end of each work shift. If calibration
has changed (gain change greater than 5%), all inspections since the
previous calibration shall be repeated.
5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e.,
inside diameter defects shall be compared to the indication from the
notch on the inside diameter, and outside diameter defects shall be
compared to the indication from the notch on the outside diameter. De-
fects less than half the thickness from the surface or less than 0.150
inch from the surface, whichever is smaller, shall be compared to the
outside diameter calibration indication. Defects more than half the
thickness from the incident surface or more than 0.150 inch from the
surface shall be compared to the indications from the inside diameter
calibratio 9 notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
ahall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection,'! or
AMS 2646, '!Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense ifthe purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
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5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
specification or any special test specified by the purchaser, a mu-
tually acceptable referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar material and packed in a manner
assuring safe delivery when properly transported by a common carrier.
7. DEFINITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in
which temperatures may reach 500°F or above. When process tempera-
tures and environments are closely controlled or when closely adjacent
sizes receive similar processing, lots may be combined for chemical,
tensile and stress-rupture tests only, provided prior written approval
has been obtained from the General Electric Company.
7.2. Check Analysis. An analysis may be requested bY the purchaser
chaser of the metal, after it has been processed into finished mill
forms, for the purpose of verifying the composition within a heat or
lot. Check analysis tolerances do not broaden the specified heat
analysis requirements but rather cover variations between laboratories
in the measurement of the chemical content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended
Practices for Designating Significant Places in Specified Limiting
Values."
_70_o
Test
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Tensile strength
Elongation
Rupture life
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Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Nearest i00 psi
Nearest 1%
Nearest 0. i hour
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FOIL:
SPECIFICATION
FS-85 (Cb-28Ta-10.5W-0.9Zr) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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o°
SPECIFICATION
FOIL: FS-85 (Cb-28Ta-10o5W-0o9Zr) ALLOY
i° SCOPE
ioi. Scope° This specification covers FS-85 (Cb-28Ta-10°5W-0o9Zr)
alloy in foil form intended for high temperature non-structural
applications°
2. APPLICABLE DOCUMENTS
2. i. Government Documents. None
2.2. Non-Government Documents
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes° Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment found in primary ferrous and nonferrous plants°
3.3° Processing° The starting stock size, processing temperatures,
percentages of reductionl in-process annealing temperatures and times
shall be selected by the vendor°
3o4° Condition° The finished product shall be supplied in the fully
recrystallized condition through the cross-sectional area. All annealing
shall be carried out in a vacuum of less than i x 10 -5 torr° All mill
-74-
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products to be annealed shall be thoroughly degreased, chemically=leaned
and protected from_rnace parts by a layer of fresh tantalum, columbium _
or Cb-iZr alloy foil 0.002-inch thick or greater. When annealing is
carried out in a vacuum greater than i x 10 -5 torr, with the prior
approval of the purchaser, all mill products shall be enclosed in a
chemically cleaned tantalum, columbium or Cb-iZr alloy retort or wrapped
o_ a minimum of two layers of fresh tantalum, columbium or CD-IZr alloy
foil 0.002-inch thick or greater. The conditions of final annealing
shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table I
(page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I), except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product. :
3.5.3. Check Analysis. -Finished product analysis shall not exceed the
following limits or variations: _
Element
Check Analysis
Limits I Max., ppm
Permissible Variations
in Check Analysis, ppm
Carbon 150 + I0
Oxygen 300 + 20
Nitrogen i00 + I0
Hydrogen I0 + 2
3.6. Bend Ductility. Representative samples of the materials in final
form shall withstand a 180 ° bend without failure.
3.7. Tolerances
3.7. i. Definition. Foil includes material less than 12 inches wide
and up to and including 0.010-1nch thick.
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Element
Carbpn
Nitrogen
Oxygen
Hydrogen
Molybdenum
Nickel
Cobalt
Iron
Tantalum
Tungsten
Zirconium
C o lumbium
TABLE I
CHEMICAL COMPOSITION
FS-85 (Cb-28Ta-10.5W-0.9Zr_ ALLOY
Minimum Content
.ppm
26 w/o
i0 w/o
0 6 w
• /o
Remainder
Maximum Content
ppm.
i00
75
i00
i0
2O0
50
50
50
29 w/o
12 w/o
i. i w/o
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3.7.2. Dimensions.
limits:
Foil dimensions shall conform to the following
Material Thickness
Inches
Thickness Tolerances
Inch
Width Tolerance
Inch
Less than 0.003 +0.0008, -0.0000 +0.031, -0.000
0.003 to 0.005 +0. 001 +0.031, -0.000
0.005 to 0.010 +0. 0015 +0.031, -0.000
3.8. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams gouges, and fins shall be
unacceptable.
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the matePial covered by this specification before
shipment, unless otherwisespecified. All test and inspection results
shall be furnished to the purchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed to by the buyer
and seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analyses of Re-
actor and Commercial Columbium."
4.4. Number of Tests Required. Representative test specimens from the
finished product representing each ingot and each lot of material shall
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Bend Test - two per lot per ingot
-??-
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4.5. Reports. The manufacturer shall supply at least three copies of
a report showing non-proprietary manufacturing methods, processing con-
ditions, and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the specifi-
cation and the purchase order or contract number.
4.6. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
6. DEFINITION
6.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
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6.2. Check Anal_sis. An analysis, made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemical
content•
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SPECIFICATION
WIRE: FS-85 (Cb-28Ta-10o5W-Q.9Zr) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, 0HIO 45215
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SPECIFICATION
WIRE: FS-85 (Cb-28Ta-10.5W-0o9Zr) ALLOY
i. SCOPE
I°i. _. This specification covers FS-85 (Cb-28Ta-10_5W-0.9Zr)
alloy in wire form for use as weld filler material in fabricating
components intended for high temperature structural applications and
alkali metal containment.
2. APPLICABLE DOCUMENTS
2ol.
2. 2.
Government Documents. None
Non-Government Documents
ASTM Designation (Pending) Methods for Chemical Analysis
or Reactor and Commercial
Columbium
3. REQUIREMENTS
3,1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
and rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. All
annealing shall be carried out in a vacuum less than i x 10-5 torr,
-82 -
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All mill productsto be annealed shall be thoroughly degreased, chemi-
cally cleanedand protected from furnace parts by a layer of fresh
tantalum, columbium, or Cb-lZr alloy foll 0.002-inch thick or greater.
When annealing iscarried out in a vacuum greater than i xl0 "= tort,
with the prior approval of the purchaser, all mill products shall be
enclosed in a Chemically cleaned tantalum, columbium orCb-lZr alloy
retort or wrapped in a minimum of two layers of fresh tantalum,
columbium or Cb-IZr alloy foil 0.002-inch thick or greater. The con -_
ditions of final annealing shall be reported in the certificate of com-
pliance.
3.5. Chemical Composition
3.5.1. Ingot/Billet Comp0sitiqn. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). Aminimum of four analyes shall be obtained as follows:
ingot top-center, mld-radlus and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall beconsidered the chemical analyses of products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall bedetermined on the finished product.
3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations:
For Material Greater than 0.030 Inch in Dfameter
Elemen t
Check Analysis
Limits I Max.° ppm
Permissible Variations
in Check Analysis, ppm
Carbon i00 + i0
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen I0 + 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Molybdenum
Nickel
Cobalt
Iron
Tantalum
Tungsten
Zirconium
Columbium
FS-85
TABLE I
C MICALCOMPOSITION
(Cb-28Ta_ i0.5W-0.9Zr)
Minimum Content
ppm
26 w/o
i0 w/o
0.6 w/o
Remainder
ALLOY
Maximum Content
ppm
100
75
i00
10
200
50
50
50
29 w/o
12 w/o
I. i w/o
m
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Carbon
Oxygen
Nitrogen
Hydrogen
3.6.
3.6.1.
3.6.2.
.Tolerances
Definition.
Diameter.
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For Material 0.030 Inch andLess in Diameter
Check Analysis
Limits, Max., ovm
150
300
i00
i0
Permissible Variations
in Check Analysis, pvm
+ 10
+ 20
+ 10
+ 2
Wire - material less than 0,125 inch in diameter.
The permissible variation in diameter shall not
exceed the following limits:
Diameter, Inc h
0.005 to 0.009
0.010 to 0.019
0.020 to 0.029
0.030 to 0.061
0,062 to 0,125
Diameter Variation, Inch
+ O. 0002
+ O. 0003
+ O. 0005
+ 0.001
+ 0.002
3.7. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
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4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If
there is any question about the sampling technique or the analysis,
the methods for sampling and analysis shall be those agreed to by the
buyer and seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analysis of
Reactor and Commerical Columbium."
4.4. Number of Tests Require d . Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for e@ch lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4.6. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
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nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. PackinR. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lo._.tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical_ tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
6.2. Check Analysis. An analysis, made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
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SPECIFICATION
BAR AND ROD: D-43 (Cb-10W-IZr-0.1C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SCOPE
BAR AND ROD:
SPECIFICATION
D-43 (Cb-10W-iZr-0.1C) ALLOY
Sc___. This specification covers D-43 (Cb-10W-IZr-0°IC) alloy
in bar and rod form intended for high temperature structural appli-
cations and alkali metal containment°
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.20 Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
ASTM EI12-61
(1961)
Estimating Average Grain Size
of Metals
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(i March 1955)
Fluorescent Penetrant Inspec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
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3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the fin-
ished product shall exceed 75%° The amount of final reduction for each
mill product, imparted just prior to the final vacuum heat treatment
and the total reduction since the previous recrystallization anneal
shall be reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6. All annealing shall be carried out
in a vacuum less than i x 10 -5 torr.
3.4.2. Heat Treatment. All mill products to be annealed shall be
thoroughly decreased, chemically cleaned, and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr alloy foil
0.002-inch thick or greater. When annealing is carried out in a vacuum
g_eater than i x 10-5 torr, with the prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or columbium-l% zirconium alloy retort or wrapped in a minimum
of two layers of fresh tantalum, columbium or columbium-l% zirconium
alloy foil 0.002-inch thick or greater. The conditions of final
annealing shall be reported in the certificate of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
pies taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon° The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I°
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical _nalyses of products supplied under
this specification (T_ble I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product°
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limit_ or variations: •
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis_ ppm
Carbon 800 min; 1200 max + 50
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen 20 + 5
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Tantalum
Molybdenum
Nickel
Cobalt
Iron
Tungsten
Zirconium
C o lumb ium
TABLE I
CHEMICAL COMPOSITION
D-43 (Cb-10W-IEr-0.1C) ALLOY
Minimum Content
,lpp m
800
9.0 w/o
0.75 w/o
Remainder
Maximum Content
ppm
1200
75
i00
i00
I000
200
200
50
200
ii. 0 w/0
i.25 w/o
Q
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Product Diameter
or Thickness_ Inches
Minimum Allowable
ASTM Grain Size No.
Allowable Spread
in ASTM Grain Size
Nos. in Any One Item
?o R x
Minimum
0.125 to 0.250 4 2 90
0.250 to 0.500 4 2 90
0.500 to 1.0 4 2 90
1.0 to 2.0 4 2 90
Greater than 2.0 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples of
the material in final form shall be capable of the following property
limits at room temperature (65°-85°F).
Ultimate Tensile
Strength_ ksi
Minimum
0.2% Yield
Strength, ksi
Minimum
Elong. , %
in 4D
Minimum
70 50 15
3.7.2. Stress-to-Rupture Tests, The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp. _ °F
Minimum Life
Stress_ ksi Hours
2200 12 20
Chemical analysis of stress-rppture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than i00 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits
shall apply to check analyses of analytical results:
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Carbon + i0 ppm
Oxygen ± 50 ppm
Nitrogen + 50 ppm
Hydrogen + 2 ppm
3.8. Tolerances
3.8.1. Rolled I Swa_ed, or Drawn Rounds
3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.
3.8.1.2. Diameter. The permissible variation in diameter, and the
limits of out-of-roundness of descaled rounds shall not exceed those
in Table II (refer to page 8).
3.8.1.3. Cut Lengths. Maximum!ength variation shall be 0.25 inch.
3.8.1.4. Straightness.
foot in any length.
Maximum deviation shall be 0.050 inch per
3.8.2. Square or Rectangular Bar
3.8.2.1. Definition. Bar - any straight product with a rectangular
cross section 0.187 inch or more thick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:
Th'ickness _ Length Width
+ 0.025 inch or + 5%
whichever is less
+ 0.125 inch + 0.125 inch
3.8.2.3. Straightness of Bar.
per foot in any length.
Maximum deviation shall be 0.050 inch
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results fori_each lot of material in
the shipment. The report shall also include the number of the speci-
ficatlonmn_the purchaser order or contract number.
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TABLE II
PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR
Diameter
Diameter Variation
Inches Inch
Out-of-Roundness
Inch
0.125 to 0.281
Over 0.281 to 0.406
Over 0.406 to 0.625
Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375
Over 1.375 to 1.500
Over 1.500 to 1.625
Over 1.625 to 2.000
Over 2.000 to 2.500
Over 2.500 to 3.250
Over 3.250 to 3.500
+ 0.002, -0.002
+ 0.010, -0.005
+ 0.010, -0.005
+ 0.015, -0.005
+ 0.020, -0.005
+ 0.020, ,0.010
+ 0.020, -0.015
+ 0.025, -0.015
+ 0.030, -0.030
+ 0.032, -0.032
+ 0.032, -0.032
+ 0.045, -0.045
0.004
0.008
0.012
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
O. 040
Centerless Ground Rounds
0.0625 to 2.0
Over 2.0
+ 0.002, -0.002
+ 0.003, -0.002
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4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be dnacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 27° of the thickness or diameter,
whichever is smaller, shall be a minimum of 0.500 inch apart; those
indications less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth to
remove any notch effect provided dimensional tolerances are still main-
tained.
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated tests.
If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's _nspection at the place
of testing is waived. When the purchaser's representative is present
at the appointed time and place, the manufacturer shall afford him,
without charge, all reasonable facilities to assure that the material
is being furnished in accordance with this specification. This inspec-
tion shall not interfere unnecessarily with production operations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure° Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., specimens may be taken
transverse to the final working1_irection from bar of sufficient width
or from rod greater than 2 inches in diameter. If there is any question
_bout the sampling technique or the analysi% the methods for sampling
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and analysis shall be those agreed to by the buyer and seller. The
location of test samples shall be reported in the certificate of
compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analysis of
Reactor and Con_nercial Columbiumo"
5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch_per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.02 inch, per _ch per minute to frac-
ture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
Specimens shall be tested in a vacuum of I x 10 -6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before applicatiom_f load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
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Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.
5o6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the Qption of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, "Radio-
.graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic. Ail material 0.125-inch diameter and larger shall
be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface_finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate
to the diameter being inspected (360 degree transducers are allowable
where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear position, one with the transducer
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in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified°
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holeslin a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the thick-
ness. Calibration settings to achieve 80% amplitude of these notches
or holes along with the magnitude of the other applicable Calibration
defects shall be recorded° For example, on bar with shear wave, the
notch on the near surface should be set at 80% and the amplitudes re-
corded for the indications from the hole and the notch on the far sur-
face. Gain settings should be recorded to achieve 80% as above and 80%
on each of the other applicable calibration defects. For longitudinal
wave, only the 0.020-inch diameter holes, with additional holes at 1/4
and 1/2 the thickness if the thickness exceeds 0.750 inch, shall be
used for calibration.
5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared
to the calibration from the far surface notch; defects near the center
shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibration
from the near surface notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and _ocation of each defect whose amplitude is 60%
or greater.
5.7.1.2.5. Rejection. The above procedures shall be followed and indi-
cations of defects which exceed the magnitude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.
-i00-o
SPPS-20-RI
23 December 1964
Page 13 of 14
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specification
and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless other-
wise specified, rejected material may be returned to the manufacturer
at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of rejec-
tion.
5.9. Referee_ If the manufacturer and the purchaser disagree about
the conformance bf the material to the requirements of this specifica-
tion or any spedial test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly and
conspicuously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box
or carton consists of components from more than one ingot number or
lot number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
7. DEFINITIONS
7.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
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environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.
7.2. Check Analysis. An analysis may be requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommend-
ed Practices for Designating Significant Places in Specified Limiting
Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest 1%
Rupture life Nearest 0.i hour
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SPECIFICATION
SHEET, PLATE_ AND STRIP: D-43 (Cb-10W-IZr-0.1C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
SHEET_ PLATE_ AND STRIP:
SCOPE
D-43 (Cb-10W-IZr-0.1C) ALLOY
Scope. This specification covers D-43 (Cb-10W-IZr-0.1C) alloy
in sheet, plate, and strip form intended for high temperature struc-
tural applications and alkali metal containment.
.
2.1.
2.2.
APPLICABLE DOCUMENTS
Government Document s° None
Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation (Pending)
ASTM EI12-61
(1961)
AMS 2242A
(I December 1950)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
Method of Tension Testing
of Metallic Materials
Recommended Practices for
Designating Significant
Places in Specified Limiting
Values
Methods for Chemical Analysis
of Reactor and Commercial
Columbium
Estimating Average Grain Size
of Metals
Tolerances, Corrosion and
Heat Resistant Sheet, Strip
and Plate
Radiographic Inspection
Fluorescent Penetrant Inspec-
tion
Contrast Dye Penetrant Inspec-
tion
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MAB-176-M
(6 September 1961)
Evaluation Test Methods for Re-
fractory Metal Sheet Materials
3. P_E(_UIREMENT S
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging
and rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in para-
graph 3.7. The amount of total reduction from the turned ingot to the
final product shall exceed 75%. The amount of final reduction for each
mill product, imparted just prior to the final vacuum heat treatment
and the total reduction since the previous recrystallization anneal,
shall be reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the re-
crystallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than i x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace parts
by a layer of fresh tantalum, columbium or Cb-iZr alloy foil O.002-inch
thick or greater. When annealing is carried out in a vacuum greater
than i x 10-5 torr, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-lZr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-iZr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compliance.
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3.4. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication
of contamination shall be cause for rejectionof all material repre-
sented by that sample. The material shall be acceptable if the con-
taminated layer is completely eliminated before shipment by a machining
operation within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5)° A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2° Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I), except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits_ Max., ppm
Permissible Variations
in Check Analysis_ ppm
Carbon 800 min; 1200 max ! 50
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen 20 + 5
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E lement
Carbon
Nitrogen
Oxygen
Hydrogen
Tantalum
Molybdenum
Nickel
Cobalt
Iron
Tungsten
Zirconium
Columbium
TABLE I
CHEMICAL COMPOSITION
D-43 (Cb-10W-IZr-0. IC) ALLOY
Minimum Content
,. ppm
800
9.0 w/o
0,75 W/o
Remainder
Maximum Content
_ ppm
1200
75
i00
I00
i000
200
200
50
200
ii. 0 w/o
i.25 w/o
m
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3.6_ Grain Size_ The grain size of the final products shall conform
to the following limits:
Product
Thickness_ Inches
Minimum Allowable
ASTM Grain Size No.
Allowable Spread
in ASTM Grain Size
Noso in Any One Item
% Rx
Minimum
0o010 to 0.060 6 2 90
0.060 to 0.125 4 2 90
0.125 to 0.187 4 2 90
0.187 to 0.500 3 3 90
0°500 to 1,0 3 3 90
Greater than 1.0 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7.1. Room Temperature Tensile Properties, Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F):
Ultimate Tensile
Strength, ksi
Minimum Maximum
0.2% Yield
Strength_ ksi
Minimum Maximum
Elong., %
in 2 Inches
Minimum
70 90 50 70 15
3°7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5°4.3)
Test Temp_ _ °F Stress_ ksi
Minimum Life
Hours
2200 12 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
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less than i00 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to check analyses of the analytical results:
Carbon + I0 ppm
Oxygen ± 50 ppm
Nitrogen + 50 ppm
Hydrogen ± 2 ppm
3.7°3° Bend Ductility. Representative samples of the materials in
final form shall withstand the following bend test at room tempera-
ture without failure when tested according to procedures described in
the most recent revision of the Materials Advisory Board report MAB-
176-M, "Evaluation Test Methods for Refractory Metal Sheet Materials."
The samples shall be sectioned with the long axis of the bend speci-
mens perpendicular to the final rolling direction.
3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over
a IT radius through 105 ° at a ram speed of i inch per minute and subse-
quently flattened for a total bend of 180 ° .
3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a IT radius through 105 ° at a ram speed of i inch per minute.
3.8. Tolerances
3.8. i. Plate
3.8.1.1. Definition. Plate includesmaterial 6 inches wide or over and
0.187 inch or more in thickness.
3.8.1,2. Dimensions.
tolerances:
Plate dimensions shall conform to the following
Thickness Width Length
+ 0.025 inch or + 5%
whichever is less
+ 0.125 inch + 0.125 inch
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3.8.1.3. Flatness. Flatness tolerance on plate shall conform to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and
Plate."
3.8.2. Sheet
3.8.2.1. Definition. Sheet includes material 6 inches wide or over
and up to 0.187 inch in thickness.
3.8.2.2. Dimensions.
in Table II.
Sheet dimensions shall conform to those presented
3.8.2.3. Flatness. See paragraph 3.8.3.3.
3.8.3. Strip
3.8.3.1. Definition. Strip includes material less than 6 inches wide
and up to 0.187 inch in thickness.
3.8.3.2. Dimensions.
in Table II.
Strip dimensions shall conform to those presented
3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 6% as determined by the formula:
H x i00
L
= % Flatness Deviation
where
and
H
L =
maximum distance from a flat reference surface
minimum distance from this point to the point of con-
tact with the reference surface.
The actual values shall be reported. In determining flatness, the
sheet shall not be subject to external pressure at any point but shall
lie freely on a flat surface during measurement. Oilcanning will be
reported. An estimate of the extent (area, height, etc.,) of these
defects shall be made.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
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TABLE II
DIMENSIONAL TOLERANCES FOR SHEET AND STRIP
Material
Thickness a Inch
0.010-0.019
0.020-0.039
0.040-0.059
0.060-0. 089
0.090-0. 129
0. 130-0. 159
0. 160-0. 187
Width,
Inches
to 24
to 24
to 24
to 24
to 24
to 24
to 24
Thi ckne ss
Tolerances, Inch
+ 0.001
+ O. 0015
+ 0.002
+ 0.003
+ 0. 004
+ 0. 005
+ O. 010
Material
Thickness, Inch
0.0 i0-0.059
0.060-0. 125
0. 126-0. 187
Width
T olerancesm Inch
+ 0.031, -0
+ 0.046, -0
+ 0. 125, -0
Material
Thickness, Inch
0.010-0.059
0.060-0. 125
O. 126-0. 187
Length
Tolerances _ Inch
+ 0.O46, -0
+ 0.062, -0
+ 0. 125, -0
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4, MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. Gene_____ral. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges and fins shall be
unacceptable.
4.2. Porositl and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in
the range 0.010 inch to 0.020 inch or 2% of the thickness, whichever
is smaller, shall be a minimum of 0.50 inch apart; those indications
less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3Z of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances_ are still
maintained.
5. qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and anew date is not set, the requirement for purchaser's inspec-
tion at the place of testing is waived. When the purchaser's repre-
sentative is present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities to assure
that the material is being furnished in accordance with this specifica _
tion. This inspection shall not interfere unnecessarily with _roduc-
tion operations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the samplingprocedure. Samples
for the determination of mechanical properties shall be selected so as
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to consume a minimum amount of material, i.e., specimens may be taken
transverse to the final working direction from plate and sheet and from
strip if of sufficient width. If there is any question about the sam-
piing technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of test
samples shall be reported in the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted referee
methods, such as the ASTM"Methods for Chemical Analyses of Reactor and
Commercial Columbium."
5.4.2. Tgnsile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall bedetermined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset, and
then 0.05 inch, plus or minus 0.02 inch, per inch per minute to fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
Specimens shall be tested in a vacuum of i x 10 -6 torr or
better. The uacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
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5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Bend Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting
obvious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2_ Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all test
results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographiq. Whenever specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in para-
graph 4.2 using the technique described in AMS 2635, "Radiographic In-
spection." The radiographs and product shall be identified so the ex-
act position of each radiograph can be correlated with the specific area
on the particular product,
5.7.1.2. Ultrasonic. Unless otherwise agreed to by the purchaser and
the vendor, the material shall be inspected ultrasonically.
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5.7_ i. 2. i. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms° Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudinal
and transverse shear°
Transducers for the shear wave inspection shall be focused, preferably
cylindrically, to a beam no more than 0ol25-inch wide in its smaller
dimension (where it enters the material being inspected). Cylindrically-
focused transducers shall not exceed 2 inches in length. The focal
distance shall be adjusted when the transducer is beamed perpendicular
to the surface of the calibration piece; then this focal distance shall
be maintained throughout the actual inspection. After the focal dis-
tance is established, an appropriate shear wave angle shall be set
and the calibration notch indication shall be set at 80% on the indica-
tion where the sound beam traverses one or two thicknesses of the sheet
(depending on whether the notch is on the far side or incident side of
the sheet). Calibration gain settings shall be recorded when the
calibration defect is on both the incident and the far side of the sheet.
If there is any difference in the indication, that gain setting giving
an 80% indication from the side which produces the smaller indication
shall be used for inspection. Calibration shall be done before and
after the ultrasonic inspection or at the beginning and end of each
work shift. If the magnitude of indication from the calibration notch
differs 10% or more from the previous calibration, all material in-
spected since then shall be reinspected.
5.7.1.2_2. Calibration of Plate. Calibration shall be on notches and
holes in a segment of the material reserved solely for calibration pur-
poses. The depth of the notches shall be 0.005 inch, the width shall
be 0.005 inch and the length greater than the ultrasonic beam width.
The notches shall be placed on the surface of the calibration piece per-
pendicular to the direction of the intended shear wave inspection, i.e.,
transverse and_longitudinal and at least i inch from the edge of the
plate. In addition, a 0.020-inch diameter hole shall be made in the
calibration piece parallel to the surface to a depth of at least 0.750
inch at a point one-half the thickness of the plate. If the thickness
of the plate exceeds 0.750 inch, similar holes shall also be made at
points one-quarter and three-quarters of the plate thickness. Calibra-
tion settings to achieve 80% amplitude of the notches and holes, along
with the magnitude of the other applicable calibration defects, shall
be recorded. For example D on plate using a shear wave, the notch on
the near surface should be set at 80% and the amplitude recorded for
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the indications from the hole and notch on the far surface. Gain sett-
ings should be recorded to achieve 80% as above and 80% on each of the
other applicable calibration defects. For longitudinal wave inspection,
only the 0.020-inch diameter holes shall be used for calibration.
5.7.1.2.3. Calibration of Sheet and Strip. The sheet shall be in-
spected by a shear wave beam point in both longitudinal and transverse
directions. Calibration shall be done on notches cut perpendicular
to the direction of the beam in pieces of sheet of the same material and
thickness as that to be inspected. If that portion is later trimmed and
scrapped, the calibration notches may be made on a section of the actual
sheet. The depth of the calibration notches shall be 3% of the sheet
thickness; width, no greater than the depth; length, no more than i inch.
All notches shall be at least i inch from the edge of the sheet. Dupli-
cate notches may be made on the opposite face of the sheet in locations
where the sound beam will not intersect both notches in a single tra-
verse, or the sheet may be turned over during calibration to determine
the relative response from the calibration notch on both the incident
and far side of the sheet.
5.7.1.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, with shear
wave, the defects on or near the far surface shall be compared to the
calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from
the near surface notch°
5.7.1.2.5. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.2.6. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magnitude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of 'the product
shall be penetrant inspected and found free of flaws as specified in
ff
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection, or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspect-
ed shall be marked with ink stamps as described in the specification;
impression stampings or etching shall be unacceptable.
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5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Re_ection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manufac-
turer at the manufacturer's expense if the purchaser does not receive
other instructions for disposition within three weeks after notice of
rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box or carton shall be legibly and
conspicuously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number or
lot number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
7. DEFINITION
7.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat ofmaterial and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has beenprocessed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
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7.2. Check Analysis. An analysis may be requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather cover
variations between laboratories in the measurement of the chemical con-
tent.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommend-
ed Practices for Designating Significant Places in Specified Limiting
Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest 1%
Rupture life Nearest 0. i hour
o ,
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SPECIFICATION
SEAMLESS TUBING AND PIPE: D-43
(Cb-10W-IZr-0.1C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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i. SCOPE
i.i. Scope.
SPECIFICATION
SEAMLESS TUBING AND PIPE: D-43
(Cb-10W-IZr-0.1C) ALLOY
This specification covers D-43 (Cb-10W-IZr-0.1C) alloy
in tube and pipe form intended for high temperature structural appli-
cations and alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation (Pending)
ASTM Designation EI12-61
(1961)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
Method of Tension Testing of
Metallic Materials
Recommended Practices for
Designating Significant Places
in Specified Limiting Values
Methods for Chemical Analysis
of Reactor and Commercial
Columbium
Estimating Average Grain Size
of Metals
Radiographic _spection
Fluorescent Penetrant Inspec-
tion
Contrast Dye Penetrant Inspec-
tion
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3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total amount of reduction from the _urned ingot to the final
product shall exceed 175%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product will be supplied in the recry-
stallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than i x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalu_ columbium or Cb-iZr alloy foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum
greater than i x 10 -5 torr, with the prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or Cb-iZr alloy retort or wrapped in a minimum of two layers
of fresh tantalum, columbium or Cb-IZr alloy foil 0.002-inch thick or
greater. The conditions of final annealing shall be reported in the
certificate of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross-sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product°
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
For Wall Thicknesses 0.020 Inch or Greater
Element
Check Analysis
Limits_ ppm
Max. Min.
Permissible Variations
in Check Analysis, ppm
Carbon 1200 800 + 50
Oxygen 200 - + 20
Nitrogen i00 - + i0
Hydrogen 20 - + 5
For Wall Thicknesses Less Than 0.020 Inch
Element
Check Analysis
Limits_ ppm
Max. Min.
Permissible Variations
in Check Analysis, ppm
Carbon 1200 800 + 50
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Tantalum
Molybdenum
Nickel
Cobalt
Iron
Tungsten
Zirconium
Columbium
TABLE I
CHEMICAL COMPOSITION
D-43 (Cb-10w-izr-0.1c) ALLOY
Minimum Content
ppm
8O0
m
9.0 w/°
0.75 w/o
Remainder
Maximum Content
ppm.
1200
75
i00
i00
i000
200
200
50
200
ii.0 w/o
1.25 w/o
w
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Element
Check Analysis
Limits_ ppm
Max. Min.
Permissible Variations
in Check Analysis_ ppm
Oxygen 400 - + 20
Nitrogen i00 - + i0
Hydrogen 20 - + 5
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Allowable Spread
Product Wall Minimum Allowable in ASTM Grain Size
Thickness_ Inches ASTM Grain Size No. Nos. in Any One Item
%R
X
Minimum
Less than 0.010 6 2 90
0.010 to 0.065 6 2 90
0.065 to 0.125 5 2 90
0.125 to 0.250 4 2 90
0.250 to 0.500 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the fol-
lowing mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°÷85°F).
Ultimate Tensile
Strength_ ksi
Minimum Maximum
0.2% Yield
Strength_ ksi
Minimum Maximum,
E!ong., %(i)
Minimum
70 90 50 70 15
(i) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.
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3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp._ °F Stress_ ksi
Minimum Life
Hours
2200 12 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than i00 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to the check analyses of analytical results:
Carbon + i0 ppm
Oxygen ± 50 ppm
Nitrogen ± 50 ppm
Hydrogen ± 2 ppm
3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a Hydrostatic pressure sufficient to produce a fiber stress of 12,000
psi. The test pressure, not to exceed i0,000 psi, shall be determined
by the equation (P = 2St/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;
t = average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.
3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with
a tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.
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3.8. Tolerances
3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 9).
3.8.2. Lengt h . When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8 inch
will be permitted in lengths up to 6 feet. In lengths over 6 feet, a
variation of plus 1/4 inch will be permitted, unless otherwise specified.
3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to i0 feet, the maximum bow shall not exceed one part in
1200; for lengths greater than i0 feet, the maximum bow shall not ex-
ceed one part in 600, unless otherwise agreed upon.
3.9. Reports• The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the specifi-
cation and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General, Cracks, laps, seams, fins, and tears shall be un-
acceptable. The surface shall also be free from oxide or scale of
any nature, grease, oil, residual lubricants, or other extraneous mate-
rial.
4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the range of 1% to 3% of wall thickness must be a mini-
mum of 0.50 inch apart. Indications with dimensions less than 1% of
the wall thickness must be a minimum of 0.12 inch apart.
4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by
grinding provided the wall thickness is not decreased below that per-
mitted in Table II (refer to page 9).
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
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TABLE II
PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS
Nominal OD OD ID
Inches Inch Inch
0.187 to but not incl. 0.625
0.625 to but not incl. 1.000
1.000 to but not incl. 2.000
2.000 to but not incl. 3.000
3.000 to but not incl. 4.000
Wall
Thickness
%
+ 0.004 + 0.004 + i0
+ 0.005 + 0.005 + i0
+ 0.0075 + 0.0075 + i0
+ 0.010 + 0.010 + i0
+ 0.0125 + 0.0125 + i0
NOTES: ....................
(1) Tolerances are applicable to only the two dimensions specified
on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.
(2) For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.
(3) For tubes having an inside diameter less than 60% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-
cessfully drawn over a mandrel, the inside diameter may vary by
an amount equal to plus or minus 10% of the wall thickness. The
wall thickness of these tubes may vary plus or minus 12.5% from
that specified.
(4) Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than
2% nominal outside diameter, the producer shall be consulted.
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5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representa-
tive is present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities to assure
that the material is being furnished in accordance with this specifi-
cation. This inspection shall not interfere unnecessarily with pro-
duction operations.
5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis,themethods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraphs 5.4.2 and 5.4.3 shall be mutually agreed upon by the
vendor and the purchaser prior to the placement of a purchase order.
The location of all test samples shall be reported in the certificate
of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analysis of
Reactor and Commercial Columbium."
5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the off-
set (0.2%) method. The tensile properties shall be determined using
a strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Tests. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are :
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Specimens shall be tested in a vacuum of i x 10 -6 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification° The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Flare Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sam-
ple.
5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may bere-
worked at the option of the manufacturer. The lot shall be acceptable
if all test results, after reworking, conform to this specification.
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5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in
paragraph 4.2 using the techniques described in AMS 2635, "Radiographic
Inspection." The radiographs and product shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.
5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the
purchaser and the vendor, the material shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used with
or without automatic equipment to rotate the tube past the transducer.
If spiral pattern inspection traverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position rela-
tive to the tubing so the beam-to-tubing angle remains constant. For
axial (longitudinal) shear, transducers_ust_have no greater than 0.5
inch axial length. Transducers must be cylindrically focused for a
diameter range which includes the tubing on which it is to be used.
5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of
the notches shall be 3% of the wall thickness to a minimum depth of
0.001 inch; the width, no greater than depth; the length, at least
that of the ultrasonic beam with a maximum length of i inch. Material
having a wall thickness greater than 0.150 inch shall also have an
0.020 inch diameter hole machined into the wall in the longitudinal
direction at mid-point of the wall thickness. Focusing shall be done
to maximize the indication from the _nside diameter notch placed pro-
perly for the type of inspection contemplated. After focusing is com-
pleted, the inside diameter indication shall be set at 80% and gain
setting recorded. Gain setting for 80% on the outside diameter notch
shall also be recorded. Inspection shall be at the gain setting for
the inside diameter indication. A distance corresponding to the wall
thickness shall be marked on rthe oscilloscope. Focal distance to the
part to be inspected shall be set to that used for the calibration
i
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piece before beginning inspection. Calibration shall be done both be-
fore and after the inspection or at the beginning and end of each work
shift. If calibration has changed (gain change greater than 5%), all
inspections since the previous calibration shall be repeated.
5.7.1.2.3. Rejection._ Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e.,
inside diameter defects shall be compared to the indication from the
notch on the inside diameter, and outside diameter defects shall be
compared to the indication from the notch on the outside diameter. De-
fects less than half the thickness from the surface or less than 0.150
inch from the surface, whichever is smaller, shall be compared to the
outside diameter calibration indication. Defects more than half the
thickness from the incident surface or more than 0.150 inch from the
surface shall be compared to the indications from the inside diameter
calibration notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
• Itparagraph 4 3 using AMS 2645, "Fluorescent Penetrant Inspection, or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifi-
cation; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specification
and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
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specification or any special test specified by the purchaser, a mu-
tually acceptable referee's test shall be used to determine conform-
ance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar materialand packed in a manner
assuring safe delivery when properly transported by a common carrier.
7. DEFINITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7.2. Check Analysis. An analysis either made or requested by the
purchaser of the metal, after it has been processed into finished mill
forms, for the purpose of verifying the composition within a heat or
lot. Check analysis tolerances do not broaden the specified heat anal-
ysis requirements but rather cover variations between laboratories in
the measurement of the chemical content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended
Practices for Designating Significant Places in Specified Limiting
Values."
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Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Nearest i00 psi
Nearest 1%
Nearest 0. i hour
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SPECIFICATION
FOIL: D-43 (Cb-10W-IZr-0.1C) ALLOY
i. SCOPE
i.i. Scope. This specification covers D-43 (Cb-IOW-IZr-0.1C) alloy
in foil form intended for high temperature non-structural applications.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall_mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging
and rolling equipment normally found in primary ferrous and non-
ferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. All
annealing shall be carried out in a vacuum of less than i x 10 -5 torr. All
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mill products to be annealed shall be thoroughly degreased, chemically
cleaned and protected from furnace parts by a layer of fresh tantalum,
columbium or Cb-iZr foll O.O02-1nch thick or greater. When annealing
is carried out in a vacuum greater than 1 x 10-5 tort, with the prior
approval of the purchaser, all mill products shall be enclosed in a
chemically cleaned tantalum, columblum or Cb-iZr retort or wrapped in
a minimum of two layers of fresh tantalum, columblum or Cb-iZr alloy
foll O.O02-inch thick or greater. The conditions of final annealing
shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I), except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits, Max., ppm
Permissible Variations
in Check Analysis, ppm
Carbon 800 min; 1200 max + 50
Oxygen 300 + 20
Nitrogen I00 + i0
Hydrogen 20 + 5
3.6. Bend Ductility. Representative samples of the materials in final
form shall withstand a 180 ° bend without failure.
3.7. Toleranges
3.7.1. Definition. Foil includes material less than 12 inches wide
and up to and including 0.010-inch thick.
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Element:
Carbon
Nit_osen
Oxysen
Hyd=osen
Tantalum
Molybdenum
Nickel
Cobalt
Iron
Tungsten
Zirconium
C o lumb turn
T_LE I
CmU_CAL C0HFOSITZON
(¢b-lOW-lZ -O.lc) ALLOY
Minimum Content
• • DD_I
80O
am
-(
9.0 w/o
O. 75 w/o
Remainder
NaximumContent
.J CDD_
1200
75
100
100
1000
200
200
50
200
11.0 w/o
1.25 w/o
m
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3.7.2. Dimensions.
limits'.
Foil dimensions shall conform to the following
Material Thickness
Inches
Less than 0.003
Thickness Tolerances
Inch
+0. 0008, -0. 0000
Width Tolerance
Inch
+0.031,-0.000
0.003 to 0.005 +0.001 +0.031, -0.000
0.005 to and incl. 0.010 +_o.oo15 +0.031, -0.000
3.8. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
samplesselected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed to by the buyer and
seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted referee
methods, such as the ASTM "Methods for Chemical Analyses of Reactor and
Commercial Columbium."
4.4. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The mini-
mum frequency of these tests shall be:
Finished Product Chemistry - one per'lot per ingot
Bend Test - two per lot per ingot
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Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietarymanufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4.6. Re,lection. Material not conforming to this specification or to
an 7 authorized modlficatlon shall be subject to rejection. Unless other-
wise specified, rejected material may be returned to the manufacturer
at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of reJec-.
tion.
4.7. Referee. Zf the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner assur-
ing safe delivery when properly transported by any common carrier.
6. DEFINITION
6.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
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6.2. Check AnalTsis . An analysis, made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verlf 7 the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather cover
variations between laboratories in the measurement of the chemical con-
tent.
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SPECIFICATION
WIRE: D-43 (Cb-10W-IZr-0°IC) ALLOY
i. SCOPE
i.I. Scope. This specification covers D-43 (Cb-10W-IZr-0.1C) alloy
in wire form for use as weld filler material in fabricating components
intended for high temperature structural applications and alkali metal
containment.
2. APPLICABLE DOCUMENTS
2. 1.
2°2.
Government Documents. None
Non-Government Documents
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging
and rolling equipment normally in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition° The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. All
annealing shall be carried out in a vacuum less than i x 10 -5 torr.
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All mill products to be annealed shall be thoroughly degreased, chem-
ically cleaned and protected from furnace parts by a layer of fresh
eater.
tantalum, columbium or Cb-lZr alloy foil 0.002-inch thick or g_
When annealing is carried out in a vacuum greater than i x i0 tort,
with the prior approval of the purchaser, all mill products shall be
enclosed in a chemically cleaned tantalum, columblum or Cb-lZr alloy
retort or wrapped in a minimum of two layers of fresh tantalum, colum-
blum or Cb-lZr alloy loll 0.002-inch thick or greater. The conditions
of final annealing shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses of products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. The finished product analysis shall not exceed
the following limits or variations:
For Material Greater than 0.030 Inch in_iameter
Element
Check Analysis
Limits ' Max., ppm
Permissible Variations
in Check Analysis, ppm
Carbon 800 min; 1200 max _ 50
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen 20 + 5
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Tantalum
Molybdenum
Nickel
Cobalt
Iron
Tungsten
Zirconium
Columblum
TABLE I
CHEMICAL COMPOSITION
D-43 (Cb-10W-IZr-0_IC) ALLOY
Minimum Content
pDm
--=
8OO
9.0 w/o
0.75 w/o
Remainder
Maximum Content
, _DDml
1200
75
100
100
i000
280
200
50
200
ii. 0 Wl o
i. 25 w/o
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Element
it
Carbon
For Material
Check Analysis
_±imits, Max._ ppm
800 min; 1200 max
0.030 Inch. a_dLess inDiameter
Permissible Variations
in Check'Analysis, ppm
± 50
Oxygen
Nitrogen
Hydrosen
300 + 20
i00 + lO
20 + 5
3.6. Tolerances
3.6.1,, Definltion. Wire -material less than 0.125 inch in diameter.._
3.6.2. Diameter. The permisslblevar_atlon _n diameter shallnot ex_
teed the following limits: ':._
Diameter Inch Diameter Variationl Inch
0.005 to 0.009 ± 0.0002
0.010 to 0,019 + 0,0003
0.020 to 0.029 + 0.0005
0.030 to 0.061 + 0,001
0.062 to 0.125 + 0.002
. .. '.
3.7. General. The finished proc_ad_ shall be visibly free from oxide
or sca'le of any nature, grease, o_I', residual lubricants, and other
extraneous materials. Cracks, laps; seams, gouges, and fins shall be
unacceptable. _
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified, All test and inspection results
shall be furnished t0 the purchaser.
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4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed to by the buyer
and seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, thecombustlon method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM"Methods for Chemical Analysis of
Reactor and Commercial Columbium."
4.4. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4.6. Re_ectlon. Materlal not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. pREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion,:purchase order or contract number, type, ingot number, lot number,
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nominal size and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. Packln_. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lo___tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.
6.2. Check Analysis. An analysis, made or requested by the purchaser
of the _metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather cover
variations between laboratories in the measurement of the chemical con-
tent.
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SPECIFICATION
BAR AND ROD: T-ill (Ta-8W-2Hf) ALLOY
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SPECIFICATION
BAR AND ROD: T-ill (Ta-8W-2Hf) ALLOY
io SCOPE
iolo Scope° This specification covers T-ill (Ta-8W-2Hf) alloy in
bar and rod form intended for high temperature structural applica-
tions and alkali metal containment°
2o APPLICABLE DOCUMENTS
2olo Government Documents° None
2°2° Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values
ASTM Designation EI12-61
(1961)
Estimating the Average Grain
Size of Metals
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(i March 1955)
Fluorescent Penetrant Inspec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
3. REQUIREMENTS
3o10 Acknowledgments° The vendor shall mention this specification
in all quotations and all purchase order acknowledgments°
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and _imes
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the fin-
ished product shall exceed 75%. The amount of final reduction for
each mill product, imparted just prior to the final vacuum heat treat-
ment and the total reduction since the previous recrystallization
anneal, shall be reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than I x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0.002-
inch thick or greater° When annealing is carried out in a vacuum
greater than i x 10 -5 torr, with the prior approval of the purchaser,
all mill products shall be enclosed in a chemically cleaned tantalum,
columbium or columbium-l% zirconium alloy retort or wrapped in a
minimum of two layers of fresh tantalum, columbium or columbium-l%
zirconium alloy foil 0.002-inch thick or greater. The conditions of
final annealing shall be reported in the certificate of compliance.
3.4°3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon° The analyses
shall not exceed the limits set forth in paragraph 3.5.3. Any indica-
tion of contamination shall be cause for rejection of all material re-
presented by that sample. The material shall be acceptable if the con-
taminated layer is completely eliminated before _s_ipment by a machining
operation within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5°2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
E lement
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis, ppm
Carbon 50 + i0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Allowable Spread
Product Diameter Minimum Allowable in ASTM Grain Size % R x
or Thickness, Inches ASTM Grain Size No. Nos. in Any One Item Minimum
0.125 to 0.250
0.250 to 0.500
0.500 to 1.0
1.0 to 2.0
Greater than 2.0
4 2 i00
4 2 i00
4 2 i00
4 2 95
3 3 90
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E lement
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten..
Hafnium
Tantalum
TABLE I
CHEMICAL COMPOSITION
T-Ill (Ta-SW-2Hf) ALLOY
Minimum Content
ppm,
7.0 w/o
1.8 w/o
Remainder
Maximum Content
ppm
50
50
i00
i0
i000
200
50
50
50
20
9.0 Wlq
2.4 w/o
n
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3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7,1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following property
limits at room temperature (65°-85°F).
Ultimate Tensile
Strength _ ksi
Minimum Maximum
0.2% Yield
Strength_ ksi
Minimum Maximum
Elong., %
in 4D
Minimum
80 ii0 65 i00 20
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp._ °F Stress_ ksi
Minimum Life
Hours
2400 19 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to the analytical results:
Carbon ! i0 ppm
Oxygen ! 25 ppm
Nitrogen ± 25 ppm
Hydrogen ± 2 ppm
3.8. Tolerances
3.8.1. Rolled_ Swaged, or Drawn Rounds
3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.
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3.8ol.2. Diameter. The permissible variation in diameter and the
limits of out-of-roundness of descaled rounds shall not exceed those
in Table II (refer to page 8).
3.8.1o3. Cut Lengths. Maximum length variation shall be 0.25 inch.
3.8.1.4_ Straightness.
foot in any length_
Maximum deviation shall be 0.050 inch per
3.8.2. Square or Rectangular Bar
3.8_2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch or more thick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:
Thickness Length Width
_+ 0.025 inch or + 5%,
whichever is less
+ 0.125 inch + 0.125 inch
3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,
whichever is smaller, shall be a minimum of 0.500 inch apart; those
indications less than 0.010 inch shall be a minimum of 0.12 inch apart.
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TABLE II
PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR
Diameter
Diameter Variation
Inches Inch
Out-of-Roundness
Inch
0.125 to 0.281
Over 0.281 to 0.406
Over 0.406 to 0.625
Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375
Over•l.375 to 1.500
Over 1.500 to 1.625
Over 1.625 to 2.000
Over 2.000 to 2,500
Over 2.500 to 3.250
Over 3. 250 to 3.500
+ 0.002, -0.002
+ 0.010, -0.005
+ 0.010, -0.005
+ 0.015, -0.005
+ 0.020, -0.005
+ 0.020, -0.010
+ 0.020, -0.015
+ 0.025, -0.015
+ 0.030, -0.020
+ 0.032, -0.032
+ 0,032, -0.032
+ 0.045, -0.045
0.004
0.008
0.012
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
0. O40
Centerless Ground Rounds
0.0625 to 2.0
Over 2.0
+ 0.002, -0.002
+ 0.003, -0.002
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4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still
maintained.
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser°
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and a new date is not set, the requirement for purchaser's in-
spection at the place of testing is waived. When the purchaser's
representative is present at the appointed time and place, the manu-
factu=er shall afford him, without charge, all reasonable facilities
to assure that the material is being furnished in accordance with
this specification. This inspection shall not interfere unnecessarily
with production operations.
5.3. Sample Selection. Care shall be exercised to>insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so
as to consume a minimum amount of material, i.e., specimens may be
taken transverse to the final working direction from bar of suffi-
cient width or from rod greater than 2 inches in diameter. If there
is any question about the sampling technique or the analysis, the
methods for sampling and analysis shall be those agreed to by the
buyer and seller. The location of test samples shall be reported in
the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
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5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset, and
then 0.05 inch, plus or minus 0.02 inch, per inch per minute to frac-
ture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
Specimens shall be tested in a vacuum of I x 10 -6 torr
or better. The vacuum system shall incorporate an op-
tically tight liquid nitrogen cold trap or a getter-ion
pump.
Specimens shall be held for a half hour at the test
temperature before application of load.
Test temperature shall be maintained at plus or minus
10°F during the test.
5.4.4_ Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5°5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The mini-
mum frequency of these teSts shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
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5.6. Retest and Rework
T
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2. Rework. If inspection and test results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic. All material O.125-inch diameter and larger
shall be inspected ultrasonically.
5.7ol.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate
to the diameter being inspected (360 degree transducers are allowable
where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear position, one with the transducer
in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
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than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam and per-
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.
Calibration settings to achieve 80% amplitude of these notches or holes
along with the magnitude of the other applicable calibration defects
shall be recorded. For example, on bar with shear wave, the notch
on the near surface should be set at 80% and the amplitudes recorded
for the indications from the h01e and the notch on the far surface.
Gain settings should be recorded to achieve 80% as above and 80% on
each of the other applicable calibration defects. For longitudinal
wave, only the 0.020-inch diameter holes, with additional holes at
1/4 and i/2 the thickness if the thickness exceeds 0.750 inch, shall
be used for calibration.
5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example_ on bar with
shear wave, the defects on or near the far surface shall be compared
to the calibration from the far surface notch; defects near the center
shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibration
from the near surface notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitude and gain settings,
and the amplitude and locations of each defect whose amplitude is 60%
or greater.
5.7.1.2.5. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magnitude obtained from the
appropriate calibrated notch in the sample shall be cause for rejec-
tion, unless otherwise agreed by the purchaser and vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
t,.
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection, or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected
shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.
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5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specification _ •
and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in a heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
7. DEFINITIONS
7.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company_
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7.2. Check Analysis. An analysis maybe requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chem-
ical content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended
Practices for Designating Significant Places in Specified Limiting
V_lues."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when ex-
pressed decimally)
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest I00 psi
Elongation Nearest 1%
Rupture life Nearest 0.i hour
-1E._
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SPEC IFICAT ION
SHEET_ PLATE D AND STRIP: T-ill (Ta-8W-2Hf) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
SHEET_ PLATE_ AND STRIP: T-ill (Ta-8W-2Hf) ALLOY
i. SCOPE
i.i. Scope. This specification covers T-ill (Ta-8W-2Hf) alloy in
sheet, plate and strip form intended for high temperature structural
applications and alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for
Designating Significant Places
in Specified Limiting Values
ASTM Designation EI12-61
(1961)
Estimating the Average Grain
Size of Metals
AMS 2242A
(i December 1950)
Tolerances, Corrosion and
Heat Resistant Sheet, Strip
and Plate
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(I March 1955)
Fluorescent Penetrant Inspec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
MAB-176-M
(6 September 1961)
Evaluation Test Methods for
Refractory Metal Sheet Mate-
rials
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3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification in
all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing° The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3°7. The amount of total reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and the
total reduction since the previous recrystallization anneal, shall be
reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than i x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0o002-inch
thick or greater. When annealing is carried out in a vacuum greater
than i x 10 -5 torr, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-iZr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-iZr alloy foil 0.O02"inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compli_nceo
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation° After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing
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conditions. A microhardness traverse shall show a hardness increase
not greater than 50 VHN from the center to the surface of a cross sec-
tional sample of the final product. At the discretion of the pur-
chaser, samples taken to include at least one surface of the final
product, and not exceeding 0.050-inch thick, may be chemically analyzed
by the purchaser for oxygen, nitrogen, hydrogen and carbon° The
analyses shall not exceed the limits set forth in paragraph 3.5.3.
Any indication of contamination shall be cause for rejection of all
material represented by that sample. The material shall be acceptable
if the contaminated layer is completely eliminated before shipment by
a machining operation within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5,1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product°
3.5.3. Check Analysis. Finished product analysis shall not exceed the
following limits or variations:
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis_ ppm
Carbon 50 + i0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
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E Iement
Carbon
Nitrogen
Oxygen
Hydrogen
C o lumbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
TABLE I
CHEMICAL COMPOSITION
T-ill <Ta-8W-2Hf) ALLOY
Minimum Content
ppm
m
7.0 w/o
i. 8 w/o
Remainder
Maximum Content
_pm
50
50
i00
i0
i000
200
50
50
50
20
9.0 w/o
2.4 W/o
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Product
Thickness_ Inches
Minimum Allowable
ASTM Grain Size No.
Allowable Spread
in ASTM Grain Size
Nos. in Any One Item
% R x
Minimum
0.010 to 0.060 6 2 i00
0.060 to 0,125 4 2 i00
0°125 to 0.187 4 2 i00
0o187 to 0.500 3 3 95
0.500 to 1.0 3 3 95
Greater than 1.0 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).
Ultimate Tensile
Strength _ ksi
Minimum Maximum
0.2% Yield
Strength_ ksi
Minimum Maximum
Elong., %
in 2 Inches
Minimum
80 ii0 65 i00 20
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3)_
Test Temp., °F Stress, ksi
Minimum Life
Hours
2400 19 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to check analyses of the analytical results:
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Carbon + i0 ppm
Oxygen ± 25 ppm
Nitrogen ± 25 ppm
Hydrogen + 2 ppm
3.7.3. Bend Ductility. Representative samples of the materials in
final form shall withstand the following bend test at room tempera-
ture without failure when tested according to procedures described
in the most recent revision of the Materials Advisory Board report MAB-
176-M, "Evaluation Test Methods for Refractory Metal Sheet Materials."
The samples shall be sectioned with the long axis of the bend specimens
perpendicular to the final rolling direction.
3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over
a IT radius through 105 ° at a ram speed of i inch per minute and sub-
sequently flattened for a total bend of 180 ° .
3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a IT radius through 105 ° at a ram speed of i inch per minute.
3.8. Tolerances
3.8. i. Plate
3.8.1.1. Definition° Plate includes material 6 inches wide or over and
0.187 inch or more in thickness.
3.8.1.2. Dimensions.
tolerances:
Plate dimensions shall conform to the following
Thickness Width Length
+ 0.025 inch or + 5%
whichever is less
+ 0.125 inch + 0,125 inch
3.8.1.3. Flatness. Flatness tolerance on plate shall conform to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and
Plate."
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3.8.2. Sheet
3.8.2.1. Definition° Sheet includes material 6 inches wide or over
and up to 0.187 inch in thickneso
3.8.2.2. Dimensions.
sented in Table II.
Sheet dimensions shall conform to those pre-
3.8.2.3. Flatness. See paragraph 3.8.3.3.
3.8.3. Strip
3.8.3.1. Definition. Strip includes material 6 inches wide or less
and up to 0.187 inch in thickness.
3.8.3.2. Dimensions.
sented in Table II.
Strip dimensions shall conform to those pre-
3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 6% as determined by the formula:
x i00
L
= % Flatness Deviation
where
H = maximum distance from a flat reference surface
and
L = minimum distance from this point to the point of
contact with the reference surface.
The actual values shall be reported. In determining flatness, the
sheet shall not be subject to external pressure at any point but shall
lie freely on a flat surface during measurement. Oilcanning will be
reported. An estimate of the extent (area, height, etc.,) of these
defects shall be made.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the speci-
fi ation and the purchase order or contract number.
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TABLE II
DIMENSIONAL TOLERANCES FOR SHEET AND STRIP
Material
Thickness_ Inch
Width,
Inches
Thickness
Tolerances_ Inch
0.010-0.019 to 24 + 0.001
0.020-0.039 to 24 + 0.0015
0.040-0.059 to 24 + 0.002
0.060-0.089 to 24 + O. 003
0. 090-0.0129 to 24 + 0. 004
0.130-0.159 to 24 + 0. 005
0.160-0.187 to 24 + 0.010
Material
Thickness, Inch
0.010-0.059
0.060-0. 125
0. 126-0. 187
Width
Tolerances_ Inch
+ 0.031, -0
+ 0.046, -0
+ 0.125, -0
Material
Thickness, Inch
0.010-0.059
0.060-0. 125
0. 126-0. 187
Length
Tolerances_ Inch
+ 0.046, -0
+ 0.062, -0
+ 0.125, -0
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4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness, whichever is
smaller, shall be a minimum of 0.500 inch apart; those indications less
than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still
maintained.
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representa-
tive is present at the appointed time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to assure that
the material is being furnished in accordance with this specification.
This inspection shall not interfere unnecessarily with production oper-
ations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., specimens may be taken
w
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transverse to the final working dire_ction from plate and sheet and from
strip if of sufficient width. If there is any question about the sam-
piing technique or the analysis, the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of test
samples shall be reported in the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon and the spectrochemical methods
for metallic elements.
5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Test_ Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques° Sug-
gested testing techniques for determining stress-rupture properties
are :
Specimens shall be tested in a vacuum of I x 10 -6 torr
or better( The vacuum system shall incorporate an opti-
cally tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5_ Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
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one per lot per ingot
Microhardness Traverse
Retest and Rework
Surface Contamination.
- one per lot per ingot
Any sample or specimen exhibiting
obvious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be re-
worked at the option of the manufacturer. The lot shall be accept-
able if all test results, after reworking, conform to this specifica-
tion.
5.7. Inspection
5.7.1o Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4°2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic° Unless otherwise agreed to by the purchaser
and the vendor, the material shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. The finished products shall be
ultrasonically inspected by the immersed technique at 5 mc or above.
Transducers shall be no larger than 0.75-inch diameter. Surface fin-
ishes shall be no rougher than 125 rms. Inspection shall be by
• q
_p I_
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longitudinal wave and by shear wave in two perpendicular directions,
i.e., longitudinal and transverse shear.
Transducers for the shear wave inspection shall be focused, prefer-
ably cylindrically, to a beam no more than 0.125-inch wide in its
smaller dimension (where it enters the material being inspected).
Cylindrically-focused transducers shall not exceed 2 inches in length°
The focal distance shall be adjusted when the transducer is beamed
perpendicular to the surface of the calibration piece; then this focal
distance shall be maintained throughout the actual inspection. After
the focal distance is established, an appropriate shear wave angle
shall be set and the calibration notch indication shall be set at 80%
on the indication where the sound beam traverses one or two thicknesses
of the sheet (depending on whether the notch is on the far side or
incident sia_ of the sheet). Calibration gain settings shall be re-
cordedwhen the calibration defect is on both the incident and the far
side of the sheet. If there is any difference in the indication, that
gain setting giving an 80% indication from the side which produces the
smaller indication shall be used for inspection° Calibration shall be
done before and after the ultrasonic inspection or at the beginning
and end of each work shift. If the magnitude of indication from the
calibration notch differs 10% or more from the previous calibration,
all material inspected since then shall be reinspected0
5.7.1.2.2. Calibration of Plate. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes. The depth of the notches shall be 0.005 inch, the width
shall be 0.005 inch and the length greater than the ultrasonic beam
width. The notches shall be placed on the surface of the calibration
piece perpendicular to the direction of the intended shear wave in-
spection, i.e., transverse and longitudinal and at least i inch from
the edge of theplate. In addition, a 0o020-inch diameter hole shall
be made in the calibration piece parallel to the surface to a depth
of at least 0.750 inch at a point one-half the thickness of the plate.
If the thickness of the plate exceeds 0.750 inch, similar holes shall
also be made at points one-quarter and three-quarters of the plate
thickness. Calibration settings to achieve 80% amplitude of the notches
and holes, along with the magnitude of the other applicable calibration
defects, shall be recorded. For example, on plate using a shear wave,
the notch on the near surface should be set at 80% and the amplitude
recorded for the indications from the hole and notch on the far surface.
Gain settings should be recorded to achieve 80% as above and 80% on
each of the other applicable calibration defects. For longitudinal
wave inspection only the 0.020-inch diameter holes shall be used for
calibration
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5.7.1.2.3. Calibration of Sheet and Strip° The sheet shall be in-
spected by a shear wave beam pointed in both longitudinal and trans-
verse directions. Calibration shall be done on notches cut perpen-
dicular to the direction of the beam in pieces of sheet of the same
material and thickness as that to be inspected. If that portion is
later trimmed and scrapped, the calibration notches may be made on a
section of the actual sheet. The depth of the calibration notches
shall be 3% of the sheet thickness; width, no greater than the depth;
length, no more than i inch. All notches shall be at least i inch
fromthe edge of the sheet. Duplicate notches may be made on the oppo-
site face of the sheet in locations where the sound beam will not in-
tersect both notches in a single traverse, or the sheet may be turned
over during calibration to determine the relative response from the
calibration notch on both the incident and far side of the sheet.
5.7.1.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect° For example, with shear
wave, the defects on or near the far surface shall be compared to the
calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from
the near surface notch.
5.7.1.2.5. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.2.6. Rejection. The above procedure shall be followed, and in-
dications of defe_ts which exceed the magnitude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection, un-
less otherwise agreed by the purchaser and vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifi-
cation; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
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5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance°
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
7. DEFINITIONS
7.1o Lo___tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above° When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7.2. Check Analysis. An analysis may be made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
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7_3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommend-
ed Practices for Designating Significant Places in Specified Limiting
Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest 1%
Rupture Life Nearest 0.I hour
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SPECIFICATION
SEAMLESS TUBING AND PIPE: T-Ill (Ta-8W-2Hf) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI_ OHIO 45215
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i. SCOPE
i.i. Scope. This specification covers T-Ill (Ta-8W-2Hf) alloy in tube and
pipe form intended for high temperature structural application and alkali metal
containment.
2. APPLICABLE DOCUMENTS
2oi.
2,2°
Government Documents. None
Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation EI12-61
(1961)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
AMS 2646
(i March 1955)
3. REQUIREMENTS
Method of Tension Testing of
Metallic Materials
Recommended Practices for
Designating Significant Places
in Specified Limiting Values
Estimating Average Grain Size
of Metals
Radiographic Inspection
Fluorescent Penetrant Inspection
Contrast Dye Penetrant Inspection
3.1. Acknowledgments. The vendor shall mention this specification in all
quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The =otal_amount_of_reduction from_eturned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment, and
the total reduction since the last recrystallization anneal shall be
reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product will be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
.of less than 1 x 10-5 tort. All mill products to be annealed shall be
thorough17 degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-lZr allo 7 foil 0.002-
inch thick or greater. When annealing is carried out in a vacuum greater
than i x 10 -5 tort, with the prior approval of the purchaser, all mill _
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-lZr allo 7 retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-lZr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mld-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses _or products supplied under
this,specificatlon (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations:
For Wall Thicknesses 0,020 Inch or Greater
Element
Check Analysis
Limits_ Max., ppm
Permissible Variations
£n Check Analysis_ PPm
Carbon 50 + i0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen 10 + 2
For Wall Thicknesses Less Than 0.020 Inch
Element
Check Analysis
Limits a Max. a ppm
Permissible Variations
in Check Analysis, ppm
Carbon 75 + lO
Oxygen 300 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
TABLE I
CHEMICAL COMPOSITION
T-II ! (Ta-8W-2Hf) ALLOY
Minimum Content
DDm
m
m
m
m
m
m
n
m
7.0 w/o
i.8 w/o
Remainder
Maximum Content
ppm
50
50
i00
i0
i0_0
200
50
50
5O
20
9.0 w/o
2.4 Wl o
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3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Product Wall Minimum Allowable
Thickness, Inches ASTM Grain Size No.
Less than 0.010 6
0.010 to 0.065 6
0.065 to 0.0125 5
0.125 to 0. 250 4
0. 250 to 0.500 3
3.7. Mechanical Properties..
Allowable Spread
in ASTM Grain Size % Rx
Nos. in Any One Item Minimum
2 i00
2 i00
2 i00
2 95
3 90
The final product
lowing mechanical property requirements:
shall satisfy the fol-
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the followingprop-
erty limits at room temperature (65°-85°F).
Elon_., %(1)
Minimum
Ultimate Tensile
Stren_th_ ksi
Minimum Maximum
0.2% Yield
Stren_th_ ksi
Minimum Maximum
80 ii0 65 I00 20
(1) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3):
Minimum Life
HoursTest Temp., °F Stress, ksi
2400 19 20
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Chemical analyses of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to check analyses of the analytical results:
Carbon + i0 ppm
Oxygen _ 25 ppm
Nitrogen + 25 ppm
Hydrogen ± 2 ppm
3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a hydrostatic pressure sufficient to produce a fiber stress of
12,000 psi. The test pressure, not to exceed i0,000 psi, shall be de-
termined by the equation (P = 2St/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;
t = average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.
3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with a
tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.
3.8. Tolerances
3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 8).
3.8.2. Length. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8
inch will be permitted in lengths up to 6 feet. In lengths over 6 feet,
a variation of plus 1/4 inch will be permitted, unless otherwise speci-
fied.
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TABLE II
PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS
Wall
Nominal OD OD ID Thickness
Inches Inc.__hh Inc.____h %
0.187 to but not incl. 0.625
0.625 to but not incl. 1.000
1.000 to but not incl. 2.000
2.000 to but not incl. 3.000
3.000 to but not incl. 4.000
+ 0.004 + 0.004 + i0
+ 0.005 + 0.005 + i0
+ 0.0075 + 0.0075 + i0
__+0.010 + 0.010 __+i0
__+0.0125 + 0.0125 __+i0
NOTES: .........
(I) Tolerances are applicable to only the two dimensions specified
on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.
(2) For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thln-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.
(3) For tubes having an inside diameter less than 60% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-
cessfully drawn over a mandrel, the inside diameter may vary by
an amount equal to plus or minus 10% of the wall thickness. The
wall thickness of these tubes may vary plus or minus 12.5% from
that specified.
(4) Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than
2% nominal outside diameter, the producer shall be consulted.
_-i88-
SPPS-54-RI
23 December 1964
Page 9 of 14
3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to i0 feet, the maximum bow shall not exceed one part in
1200; for lengths greater than i0 feet, the maximum bow shall not ex-
ceed one part in 600; unless otherwise agreed upon.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. Cracks, laps, seams, fins, and tears shall be unaccept-
able. The surface shall also be free from oxide or scale of any nature,
grease, oil, residual lubricants, or other extraneous material.
4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the ranges of 1% to 3% of wall thickness must be a mini-
mum of 0.50-inch apart. Indications with dimensions less than 1% of
the wall thickness must be a minimum of 0.12 inch apart.
4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by
grinding provided the wall thickness is not decreased below that per-
mitted in Table II (refer to page 9).
5. qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all test
and inspections of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement of purchaser's inspection at
the place of testing is waived. When the purchaser's representative is
present at the appointed time and place, the manufacturer shall afford
him, without charge, all reasonable facilities to assure that the mate-
rial is being furnished in accordance with this specification. This
inspection shall not interfere unnecessarily with production operation.
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5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraph 5.4.2. and 5.4.3 shall be mutually agreed upon by the ven-
dor and purchaser prior to placement of a purchase order. The location
of all test samples shall be reported in the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing technique for determining stress-rupture properties
are :
Specimens shall be tested in a vacuum of 1 x 10 -6 torr
or better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test te=@era-
ture before application of load.
Test temperature shall be maintained at plus or minus IO°F
during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
-190 -
SPPS-54-RI
23 December 1964
Page ii of 14
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Flare Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
Hydrostatic Proof Test - 100%
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sam-
ple.
5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be reworked
at the option of the manufacturer. The lot shall be acceptable if
all test results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. RadioKraphic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in
paragraph 4.2 using the techniques described in AMS 2635, "Radiographic
Inspection." The radiographs and_p_oduct shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.
5.7.1.2. Ultrasonic Inspection. Unless otherwise agreed to by the
purchaser and the vendor, the material shall be inspected ultrasonically.
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5.7.1.2.1. Method a_d Equipment. Ultrasonic i_spection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers. Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0.150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used
with or without automatic equipment to rotate the tube past the trans-
ducer. If spiral pattern inspection traverse is not used, steps must
be taken to assure that the ultrasonic beam remains in the same posi-
tion relative to the tubing so the beam-to-tubing angle remains con-
stant. For axlal (longitudinal) shear, transducers must have no
greater than 0.5 inch axial length. Transducers must be cylindrically
focused for a diameter range which includes the tubing on which it
is to be used.
5.7.1.2.2. Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified. The depth of
the notches shall be 3% of the wall thickness to a minimum depth of
0.001 inch; the width, no greater than depth; the length, at least
that of the ultrasonic beam with a maximum length of 1 inch. Material
having a wall thickness greater than 0.150 inch shall also have an
0.020-inch diameter hole machined into the wall in the longitudlnal
direction at mid-point of the wall thickness. Focusing shall be done
to maximize the indication from the inside diameter notch placed pro-
pmrl 7 for the type of inspection contemplated. After focusing is com-
pleted, the inside diameter indication shall be set at 80% and gain
setting recorded. Gain setting for 80% on the outside diameter notch
shall also be recorded. Inspection shall be at the gain setting for
the inside diameter indication. A distance corresponding to the wall
thickness shall be marked on the oscilloscope. Focal distance to the
part to be inspected shall be set to that used for the calibration
piece before beginning inspection. Calibration shall be done both be-
fore and after the inspection or at the beginning and end of each work
shift. If calibration has changed (gain change greater than 5%), all
inspections since the previous calibration shall be repeated.
5.7.1.2.3. Rejection. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.e.,
inside diameter defects shall be compared to the indication from the
notch on the inside diameter, and outside diameter defects shall be
compared to the indication from the notch on the outside diameter.
Defects less than half the thickness from the surface or less than
0.150 inch from the surface, whichever is smaller, shall be compared
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to the outside diameter calibration indication. Defects more than half
the thickness from the incident surface or more than 0.150 inch from
the surface shall be compared to the indications from the inside diameter
calibration notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection, or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacture shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
specification or any special test specified by the purchaser, a mu-
tually acceptable referee's test shall be used to determine conform-
ance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot num-
ber, nominal size, and the gross, net and tare weights. When each
bundle, box or carton consists of components from more than one ingot
number or lot number, each component shall be identified individually.
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6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar material and packed in a manner
assuring safe delivery when properly transported by a common carrier.
7. DEF_INITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been proceseed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.
7.2. Check ABalysis. An analysis may be requested by the purchaser
of the metal, after it has been processed into finished mill forms,
for the purpose of verifying the composition within in a heat analy-
sis requirements but rather cover variations between laboratories in
the measurement of the chemical content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommend-
ed Practices for Designating Significant Places in Specified Limiting
Values."
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and
dimensional tolerances
(when expressed decimally)
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest I00 psi
Elongation Nearest 1%
Rupture life Nearest 0.i hour
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SPECIFICATION
FOIL: T-ill (Ta-8W-2Hf) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
FOIL: T-Ill (Ta-8W-2Hf) ALLOY
I. SCOPE
i.i. Scope. This specification covers T-ill (Ta-8W-2Hf) alloy in
foil form intended for high temperature non-structural applications°
2. APPLICABLE DOCUMENTS
2.1. Government Documents° None
2.2. Non-Government Documents. None
3. REQUIREMENTS
3.1. Acknowledgments° The vendor shall mention this specification
in all quotations and all purchase order acknowledgments°
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes° Breakdown
operations shall be performed with conventional extrusion, forging
and rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and
times shall be selected by the vendor°
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. All
annealing shall be carried out in a vacuum of less than i x 10 -5 torr°
All mill products to be annealed shall be thoroughly degreased, chem-
ically cleaned and protected from furnace parts by a layer of fresh
tantalum, columbium or Cb-iZr alloy foil 0.002 inch thick or greater°
When annealing is carried out in a vacuum greater than i x 10 -5 torr,
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of the purchaser, all mill products shall bewith the prior approval
enclosed ina chemically cleaned tantalm_columblum or Cb-lZr alloy
retort or wrapped in a minimum of two layers of fresh tantalu_columbium
or Cb-lZr alloy foil 0.002-inch thick or greater. The conditions of
final annealing shall be reported in the certificate of compliance.
3.5. Chemical Composition
3,511. InEot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final:Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplled under
this specification (Tabl e I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall be not exceed
the following limits or variations:
Element
Check Analysis
Limits I Max. 1 ppm
Permissible Variations
in Check Analysis, ppm
Carbon 75 + i0
Oxygen 300 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
3.6. Bend Ductility. Representative samples of the materials in
final form shall withstand a 180 ° bend without failure.
3.7. Tolerances
3.7.1, Defin%tions. Foil includes material less than 12 inches wide
and up to and including 0.010-1nchthick.
3.7.2. Dimensions.
limits:
Foil dimensions shall conform to the following
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E lement
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
TABLE I
CHEMICAL COMPOSITION
T-III_(Ta-8W- 2Hf) ALLOY
Minimum Content
ppm
7.0 w/o
i. 8 Wl o
Remainder
Maximum Content
,. ppm.,
5O
50
100
10
i000
200
50
50
50
2O
9.0 w/o
2.4 w/o
m
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Material Thickness
Inches
Thickness Tolerances
Inch
Width Tolerances
Inch
Less than 0.003 +0.0008, -0.0000 +0.031, -0.000
0.003 to 0.005 +0. 001 +0.031, -0.000
0.005 to 0.010 + 0.0015 +0.031, -0.000
3.8. General. The finished product
or scale of any nature, grease, oil,
extraneous materials. Cracks, laps,
unacceptable.
shall be visibly free from oxide
residual lubricants, and other
seams, gouges, and fins shall be
4. qUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
sample selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for Sampling and analysis shall be those agreed to by the buyer and
seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectro=hemical meth-
ods for metallic elements.
4.4. Number of Tests Required. Representative test specimens from the
finished product representing e_ch ingot and each lot of material shall
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Bend Test - two per lot per ingot
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4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4.6. Re_ection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. PackinK. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lo____tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.
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6.2. Check Analysis. An analysis, made or requested by the purchaser,
of the metal after it has been processed into finished mill forms_ to
verify the composition within a heat or lot. Check analysis toler-
ances do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
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prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
WIRE: T-ill (Ta-8W-2Hf) ALLOY
i. SCOPE
i.i. Scope. This specification covers T-ill (Ta-8W-2Hf) alloy in
wire form for use as weld filler material in fabricating components
intended for high temperature structural applications and alkali
metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents. None
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging,
and rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. Anneal-
ing shall be carried out in a vacuum of less than i x 10 -5 torr. All
mill products to be annealed shall be thoroughly degreased, chemically
cleaned and protected from furnace parts by a layer of fresh tantalum,
columbium or Cb-iZr alloy foil 0.002-inch thick or greater. When
-204-
SPPS-68
23 December 1964
Page 3 of 7
annealing is carried out in a vacuum greater than i x 10 -5 tort, with
the prior approval of the purchaser, all mill products shall be en-
closed in a chemically cleaned tantalum, columbium or Cb-iZr alloy re-
tort or wrapped in a minimum of two layers of fresh tantalum, columbium
or Cb-lZr alloy foil 0.002-inch thick or greater. The conditions of
final annealing shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
For Material Greater Than 0.030 Inch_in DiAmeter
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis, ppm
Carbon 50 + I0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
For Material 0.030 Inch and Less in Diameter
Element
Carbon
Check Analysis
Limits 2 Maxo_ ppm
Permissible Variations
in Check Analysis, ppm
75 + i0
Oxygen 300 + 20
Nitrogen i00. + i0
Hydrogen i0 + 2
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Element.
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
T ant alure
TABLE I
C_MICAL CO_OSlTION
T-ill _Ta-8W-2Hf), ALLOY.
Minimum Content
ppm
7.0 w/o
i.8 w/o
Remainder
Maximum Content
PPm -
50
50
i00
i0
i000
200
50
50
5O
20
9.0 w/o
2.4 W/o
N
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3, 6. Tolerances
3.6. I. Definition. Wire - material less than O. 125 inch in diameter.
3.6.2. .Diameter.. The permissible variation in diameter shall not ex-
ceed the following llmlts:
Diameter, Inch Diameter Variation_ Inch
0.005 to 0.009 + 0.0002
0.010 to 0.019 + 0.0003
0.020 to 0.029 + 0.0005
0.030 to 0.061 + 0.001
0.062 to 0.125 + 0.002
3.7. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges and fins shall be
unacceptable.
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed t@ by the buyer and
seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemlcal meth-
ods for metallic elements.
-207-
SPPS-68
23 December 1964
Page 6 of 7
4.4. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number°
4.6. Re_ection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order, or contract number, type, ingot number, lot
number, nominal size, and the gross, net, and tare weights. When each
bundle, box or carton consists of components from more than one ingot
number or lot number, each component shall be identified individually.
5.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
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temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
6.2. Check Analysis° An analysis, made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
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BAR AND ROD:
SPECIFICATION
T-222 (Ta-10.4W-2.4Hf-0_01C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
-211-
SPPS-21-R2 "
12 April 1965
Page 2 of 14
SPECIFICATION
BAR AND ROD: T-222 (Ta-10.4W-2.4Hf-0.01C) ALLOY
i. SCOPE
i.i. Scope. This specification covers T-222 (Ta-1004W-2.4Hf-0o01C)
alloy in bar and rod form for high temperature structural applica-
tions and alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values
ASTM Designation EI12-61
(1961)
Estimating the Average Grain
Size of Metals
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(i March 1955)
Fluorescent Penetrant Inspec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to finished
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction since the previous recrystallization anneal, shall
be reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied in the recrys-
tallized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6. All annealing shall be carried out
in a vacuum of less than i x 10-5 tort.
3.4.2. Heat Treatment. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0.002-inch
thick or greater. When annealing is carried out in a vacuum greater
than I x 10-5 tort, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium,
or columbium-l% zirconium alloy retort or wrapped in a minimum of two
layers of fresh tantalum, columbium or columbium-l% zirconium alloy
foil 0.002-inch thick or greater. The conditions of final annealing
shall be reported in the certificate of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross-sectional
sample of the final product. At the discretion of the purchaser, sam-
pies taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3,5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform tO Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3°5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits_ Max._ ppm
Permissible Variations
in Check Analysis, ppm
Carbon 80 min; 175 max. + I0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
Allowable Spread
Product Diameter Minimum Allowable in ASTM Grain Size % Rx
or Thickness_ Inches ASTM Grain Size No. Nos. in Any One Item Minimum
0.125 to 0.250
0.250 to 0.500
0.500 to 1.0
1.0 to 2.0
Greater than 2.0
4 2 i00
4 2 I00
4 2 i00
4 2 95
3 3 9O
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
TABLE I
CHEMICAL COMPOSITION
T-222 (Ta-10.4W-2.4Hf-0.01C) ALLOY
Minimum Content
ippm.
80
m
9,6 w/o
2.2 w/o
Remainder
Maximum Content
,i)pm.
175
50
i00
i0
i000
2OO
5O
5O
5O
20
ii. 2 w/o
2.8 wl o
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3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).
Ultimate Tensile
Strength_ ksi
Minimum Maximum
0.2% Yield
Strength a ksi
Minimum Maximum
Elong., %
in 4D
Minimum
105 125 i00 120 20
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3).
Test Temp. _ °F Stress_ ksi
Minimum Life
Hours
2400 30 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than i0 ppm. The following limits shall
apply to check analyses of the analytical results:
Carbon + i0 ppm
Oxygen _ 25 ppm
Nitrogen ± 25 ppm
Hydrogen ± 2 ppm
3.8. Tolerances
3.8. i. Rolled, Swa_ed_ or Drawn Rounds
3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.
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3.8.1.2. Diameter. The permissible variation in diameter and the
limits of out-of-roundness of descaled rounds shall not exceed those
in Table II (refer to page 8).
3.8.1,3. Cut Lengths. Maximum length variation shall be 0.25 inch.
3.8.1.4. Straightness.
foot in any length.
Maximum deviation shall be 0.050 inch per
3.8.2. Square or Rectaqgular Bar
3.8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0.187 inch or morethick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:
Thickne ss Length Width
± 0.025 inch or ± 5%, ! 0.125 inch ! 0.125 inch
whichever is less
3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,
whichever is smaller, shall be a minimum of 0.500 inch apart; those
indications less than 0o010 inch shall be a minimum of 0.12 inch apart.
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TABLE II
PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR
Diameter
Diameter Variation
Inches Inch
Out-of-Roundness
InCh
0.125 to 0.281
Over 0.281 to 0.406
Over 0.406 to 0.625
Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375
Over 1.375 to 1.500
Over 1.500 to 1.625
Over 1.625 to 2.000
Over 2.000 to 2. 500
Over 2.500 to 3. 250
Over 3.250 to 3.500
+ 0.002, -0.002
+ 0.010, -0.005
+ 0.010, -0.005_
+ 0.015, -0.005
+ 0.020, -0.005
+ 0.020, -0.010
+ 0.020, -0.015
+ 0.025, -0.015
+ 0.030, -0.020
+ 0.032, -0.032
+ 0.032, -0.032
+ 0.045, -0.045
0. 004
0. 008
0.012
0.015
0.015
0.018
0. 020
0. 020
0.025
0.025
0.027
O. 040
Centerless Ground Rounds
0.0625 to 2.00
Over 2. O0
+ 0.002, -0.002
+ 0.003, -0.002
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4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth to
remove any notch effect provided dimensional tolerances are still main-
tained.
5. ...qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser_
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and a new date is not set, the requirement for purchaser's in-
spection at the place of testing is waived. When _he purchaser's repre-
sentative is present at the appointed time and place, the manufacturer
shall afford him, without charge, all reasonable facilities to assure
that the material is being furnished in accordance with this specifica-
tion. This inspection shall not interfere unnecessarily with produc-
tion operations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for thedetermination of mechanical properties shall be selected so as
to consume a minimum of material, i.e., specimens may be taken trans-
verse to the final working direction from bar of sufficient width or"
from rod greater than 2 inches in diameter. If there is any question
about the sampling technique or the analysis, the methods for sampling
and analysis shall be those agreed to by the buyer and seller. The
location of test samples shall be reported in the certificate of
compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
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5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the off-
set (0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0v05 inch, plus or minus 0.02 inch, per inch per minute to frac-
ture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be-determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are :
Specimens shall be tested in a vacuum of i x 10 -6 torr
or better. The vacuum system shall incorporate an
optically tight liquid nitrogen cold trap or a getter-
ion pump.
Specimens shall be held for a half hour at the test
temperature before application of load.
Test temperature shall be maintained at plus or minus
10°F during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from the
finished product representing each ingot and each lot of material shall
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
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5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting ob-
vious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2. Rework. If inspecti0n andtest results of a lot do not conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer. The lot shall be acceptable if all
test results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1. I° Radiographic_ Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger
shall be inspected ultrasonically.
5.7ol.2.1o Method and Equipment. The finished products shall be ultra-
sonically inspected by the immersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rmSo Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longitudi-
nal and transverse and shall be with focused transducers appropriate
to the diameter being inspected (360 degree transducers are allowable
where appropriate). Automatic equipment which traverses a spiral path
is satisfactory; but three traverses shall be made, one with the trans-
ducer in the circumferential shear position, one with the transducer
in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the
rod diameter, or 0..005 inch, whichever is smaller; the width, no greater
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than depth; the length, greater than beam width. The notches shall be
placed perpendicular to the direction of the shear wave beam _ndper _
pendicular to the surface, e.g., axial and circumferential notches on
bar. In addition to the notches, a 0.020-inch diameter hole shall be
made at least 0.5-inch deep in the calibration piece parallel to the
surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 of thickness.
Calibration settings to achieve 80% amplitude of these notches or
holes along with the magnitude of the other applicable calibration de-
fects shall be recorded. For example, on bar with shear wave, the
notch on the near surface should be set at 80% and the amplitudes re-
corded for the indications from the hole and the notch on the far sur-
face. Gain settings should be recorded to achieve 80% as above and
80% on each of the other applicable calibration defects. For longitudi-
nal wave, only the 0.020-inch diameter holes, with additional holes
at 1/4 and 1/2 the thickness if the thickness exceeds 0.750 inch, shall
be used for calibrat_ono
5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared
to the Calibration from the far surface.notch; defects near the center
shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibration
from the near surface notch_
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings,
and the amplitude and locations of each defect whose amplitude is 60%
or greater.
5.7.1.2.5. Rejection. The above procedure shall be followed, and
indications of defects which exceed the magnitude obtained from the
appropriate calibrated notch in the sample shall be cause for rejec-
tion, unless otherwise agreed by the purchaser and vendor°
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampingsor etching shall be unacceptable.
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5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8, Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about the
conformance of the material to the requirements of this specificationor
any special test specified by the purchaser, a mutually acceptable
referee's test shall be used to determine conformance°
6o PREPARATION FOR DELIVERY
6.1o Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each com@onent shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
7. DEFINITIONS
7.1. Lo____t°A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7.2° Check Analysis° An analysis may be requested by the purchaser
of the metal after it has been processed into finished mill forms, to
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verify the composition within a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chemi-
cal content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed be-
low, an observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended
Practices for Designating Significant Places in Specified Limiting
Values."
Test
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Tensile strength
Elongation
Rupture life
Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Nearest i00 psi
Nearest 1%
Nearest 0.i hour
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SPECIFICATION
T-222 (Ta-10.4W-2.4Hf-0.01C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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T-222 (Ta-10.4W-2.4Hf-0.01C) ALLOY
i.i. Sco__. This specification covers T-222 (Ta-10.4W-2.4Hf-0.01C)
alloy in sheet, plate and strip form intended for high temperature
structural applications and alkali metal containment.
o
2.1.
2.2.
APPLICABLE DOCUMENTS
Government Documents. None
Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
ASTM Designation E29-58T
(1958)
ASTM Designation EI12-61
(1961)
AMS 2242A
(i December 1950)
AMS 2635
(15 August 1958)
AMS 2645
(i March 1955)
MAB-176-M
(6 September 1961)
Method of Tension Testing of
Metallic Materials
Recommended Practices for Des-
ignating Significant Places
in Specified Limiting Values
Estimating the Average Grain
Size of Metals
Tolerances, Corrosion and Heat
Resistant Sheet, Strip and Plate
Radiographic Inspection
Contrast Dye Penetrant Inspec-
tion
Evaluation Test Methods for
Refractory Metal Sheet Mate-
rials
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3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment normally found in primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The amount of total reduction from the turned ingot to the final
product shall exceed 75%. The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction since the previous recrystallization anneal, shall
be reported in the certificate of compliance.
3.4. Condition
3.4.1. General. The finished product shall be supplied inthe recrys-
taiiized condition throughout the cross-sectional area to the grain size
range specified in paragraph 3.6.
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than I x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr foil 0.002-inch
thick or greater. When annealing is carried out in a vacuum greater
than i x 10 -5 torr, with the prior approval of the purchaser, all mill
products shall be enclosed in a chemically cleaned tantalum, columbium
or Cb-iZr alloy retort or wrapped in a minimum of two layers of fresh
tantalum, columbium or Cb-iZr alloy foil 0.002-inch thick or greater.
The conditions of final annealing shall be reported in the certificate
of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness increase not
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greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits I Max.. DDm
Permissible Variations
in Check Analysis. ppm
Carbon 80 min; 175 max. ± I0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
3.6. Grain Size. The grain size of the final products shall conform
to the following limits:
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columblum
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
FABLE I
CREMIQALCOMPOSITION
T-222 (Ta-10_W-2.4Hf-0.01C) ALLOY
Minimum Content
pDm
8O
9.6 wl o
2.2 w/o
Remainder
Maximum Content
ppm
175
5O
i00
I0
i000
20O
5O
5O
5O
20
II. 2 w/o
2.8 w/o
w
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Product
Thickness a Inches
Minimum Allowable
ASTM Grain Size No.
AllowabLe Spread
in ASTM Grain Size
Nos. in Any One Item
% Rx
Minimum
0.010 to 0.060 6 2 i00
0.060 to 0.125 4 2 i00
0.125 to 0.187 4 2 I00
0.187 to 0.500 3 3 95
0.500 to 1.0 3 3 95
Greater than 1.0 3 3 90
3.7. Mechanical Properties. The final product shall satisfy the
following mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following prop-
erty limits at room temperature (65°-85°F).
Ultimate Tensile
St ren_tha ksi
Minimum Maximum
:0. 270 Yield
Strength_ ksi
Minimum Maximum
Elong. , 70
in 4D
Minimum
105 125 i00 120 20
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3.).
Test Temp. _ °F Stress, ksi
Minimum Life
Hours
2400 30 20
Chemical analysis of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen _lus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than I0 ppm. The following limits shall
apply to check analyses of the analytical results:
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Carbon + i0 ppm
Oxygen ± 25 ppm
Nitrogen _ 25 ppm
Hydrogen _ 2 ppm
3.7.3. Bend Ductility. Representative samples of the materials in
final form shall withstand the following bend test at room temperature
without failure when tested according to procedures described in the
most recent revision of the Materials Advisory Board report MAB-176M,
"Evaluation Test Methods for Refractory Metal Sheet Materials." The
samples shall be sectioned with the long axis of the bend specimens
perpendicular to the final rolling direction.
3.7.3.1. Sheet 0.060 inch in thickness and under shall be bent over
a IT radius through 105 ° at a ram speed of i inch per minute and sub-
sequently flattened for a total bend of 180 ° .
3.7.3.2. Sheet over 0.060 inch to 0.187 inch in thickness shall be
bent over a IT radius through 105 ° at a ram speed of i inch per nninute.
3.8. Tolerances
3.8. i. Plate
3.8.1.1. Definition. Plate includes material 6 inches wide or over
and 0.187 inch or more in thickness.
3.8.1.2. Dimensions.
tolerances:
Plate dimensions shall conform to the following
Thickness Width Length
± 0.025 inch or ± 5%,
whichever is less
+ 0.125 inch + 0.125 inch
3.8.1.3. Flatness. Flatness tolerance on plate shall conform to
AMS 2242A, "Tolerances, Corrosion and Heat Resistant Sheet, Strip and
Plate."
3.8.2. Sheet
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3.8.2.1. Definition. Sheet includes material 6 inches wide or over
and up to 0.187 inch in thickness.
3.8.2.2. Dimensions.
sented in Table II.
Sheet dimensions shall conform to those pre-
3.8.2.3. Flatness. See paragraph 3.8.3.3.
3.8.3.
3.8.3.1. Definition. Strip includes material 6 inches wide or less
and up to 0.187 inch in thickness.
3.8.3.2. Dimensions.
sented in Table II.
Strip dimensions shall conform to those pre-
3.8.3.3. Flatness. Total deviation from flatness of sheet and strip
shall not exceed 6% as determined by the formula:
where
and
H
L =
H x
L
i00 = % Flatness Deviation
maximum distance from a flat reference surface
minimum distance from this point to the point of con-
tact with the reference surface.
The actual values shall be reported. In determining flatness, the
sheet shall not be subject to external pressure at any point but shall
lie freely on a flat surface during measurement. Oilcanning will be
reported. An estimate of the extent (area, height, etc.,) of these
defects shall be made.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
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DIMENSIONAL TOLERANCES FOR SHEET AND STRIP
Material Width, Thickness
Thickness, Inch Inches Tolerances, Inch
O. 010-0.019 to 24 + O. 001
0. 020-0.039 to 24 + O. 0015
0. 040-0.059 to 24 + 0.002
O. 060-0.089 to 24 + O. 003
0.090-0.0129 to _4 + 0.004
0. 130-0. 159 to 24 + 0.005
0. 160-0. 187 to 24 + O. 010
Material
Thickness I Inch
0.010- 0.059
0.060-0.125
O. 126-0. 187
Width
Tolerancesl Inch
+ 0.031,i-0
+ 0.046, -0
+ 0.125, -0
Material
Thickness i Inch
O. 010-0. 059
0.060-0.125
0.126'0.187
Length
Tolerances, Inch
+ 0.046, -0
+ 0.062, -0
+ 0.125, -0
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4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in the
range 0.010 inch to 0.020 inch or 2% of the thickness, whichever is
smaller, shall be a minimum of 0.500 inch apart; those indications less
than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth
to remove any notch effect provided dimensional tolerances are still
maintained.
5. QUALITY ASSURANCE PROVISIONS
5.1o Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall
give the purchaser ample notice of the time and place of designated
tests. If the purchaser's representative is not present at this time
and a new date is not set, the requirement for purchaser's inspection
at the place of testing is waived. When the purchaser's representa-
tive is present at the appointed time and place, the manufacturer shall
afford him, without charge, all reasonable facilities to assure that
the material is being furnished in accordance with this specification.
This inspection shall not interfere unnecessarily with production oper-
ations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so
as to consume a minimum amount of material, i.e., specimens may be
taken transverse to the final working direction from plate and sheet
and from strip if of sufficient width. If there is any question about
the sampling technique or the analysis, the methods for sampling and
analysis shall be those agreed to by the buyer and seller. The loca-
tion of test samples shall be reported in the certificate of compli-
ance.
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5.4. Test Methods
5.4.1_ Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements,
5.4.2. Tensile Test, The tension test shall be conducted in accord-
ance with ASTM Designation E8-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method, The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and then
0.050 inch, plus or minus 0°020 inch, per inch per minute to fracture.
5.4.3.
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
-6
Specimens shall be tested in a vacuum of i x i0 torr or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Stress-Rupture Tests. Stress-rupture properties of specimens
Specimens shall be held for a half hour at the test tempera-
ture before application of load.
Test temperature shall be maintained at plus or minus i0°F
during the test_
5.4.4. Grain Size° Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Bend Test - two per lot per ingot
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Grain Size
- two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6o Retest and Rework
5_6_i. Surface Contamination. Any sample or specimen exhibiting
obvious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample°
5.6_2o Rework_ If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be re-
worked at the option of the manufacturer. The lot shall be acceptable
if all test results, after reworking, conform to this specification.
5°7° Inspection
5_7oi. Methods of Inspection
5_7_i_i_ Radiographic_ Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7_1.2_ Ultrasonic. Unless otherwise agreed to by the purchaser
and the vendor, the material shall be inspected ultrasonically°
5.7.1.2olo Method and Equipment. The finished products shall be
ultrasonically inspected by the immersed technique at 5 mc or above.
Transducers shall be no larger than 0o75-inch diameter. Surface fin-
ishes shall be no rougher than 125 rms. Inspection shall be by longi-
tudinal wave and by shear wave in two perpendicular directions, i.e.,
longitudinal and transverse shear.
Transducers for the shear wave inspection shall be focused, preferably
cylindrically, to a beam no more than 0.125-inch wide in its smaller
dimension (where it enters the material being inspected)° Cylindricai_v °"
focused transducers shall not exceed 2 inches in length. The focal
distance shall be adjusted when the transducer is beamed perpendicular
to the surface of the calibration piece; then this focal distance shall
be maintained throughout the actual inspection. After the focal dis-
tance is established, an appropriate shear wave angle shall be set and
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the calibration notch indication shall be set at 80% on the indication
where the sound beam traverses one or two thicknesses of the sheet
(depending on whether the notch is on the far side or incident side
of the sheet). Calibration gain settings shall be recorded when the
calibration defect is on both the incident and the far side of the
sheet. If there is any difference in the indication, that gain setting
giving an 80% indication from the side which produces the smaller in-
dication shall be used for inspection. Calibration shall be done be-
fore and after the ultrasonic inspection or at the beginning and end of
each work shift. If the magnitude of indication from the calibration
notch differs 10% or more from the previous Calibration, all material
inspected since then shall be reinspected.
5.7.1.2.2. Calibration of Plate. Calibration shall be on notches and
holes in a segment of the material reserved solely for the calibration
purposes. The depth of the notches shall be 0.005 inch, the width shall
be 0.005 inch and the length greater than the ultrasonic beam width.
The notches shall be placed on the surface of the calibration piece
perpendicular to the direction of the intended shear wave inspection,
i.e., transverse and longitudinal and at least i inch from the edge of
the plate. In addition, a 0.020-inch diameter hole shall be made in
the calibration piece parallel to the surface to a depth of at least
0.750 inch at a point one-half the thickness of the plate. If the
thickness of the plate exceeds 0.750 inch, similar holes shall also
be made at points one-quarter and three-quarters of the plate thick-
ness. Calibration settings to achieve 80% =___--I_"A= of __._ notches
and holes, along with the magnitude of the other applicable calibra-
tion defects, shall be recorded. For example, on plate using a shear
wave, the notch on the near surface should be set at 80% and the ampli-
tude recorded for the indications from the hole and notch on the far
surface. Gain settings should be recorded to achieve 80% as above
and 80% on each of the other applicable calibration defects. For
longitudinal wave inspection, only the 0.020-inch diameter holes shall
be used for calibration.
5.7.1.2.3. Calibration of Sheet and Strip. The sheet shall be in-
spected by a shear wave beam pointed in both longitudinal and trans-
verse directions. Calibration shall be done on notches cut perpen-
dicular to the direction of the beam in pieces of sheet of the same
material and thickness as that to be inspected. If that portion is
later trimmed and scrapped, the calibration notches may be made on a
section of the actual sheet. The depth of the calibrationnOtches
shall be 3% of the sheet thickness; width no greater than the depth;
length, no more than I inch. All notches shall be at least 1 inch
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from the edge of the sheet. Duplicate notches may be made on the oppo-
site face of the sheet in locations where the sound beam will not in-
tersect both notches in a single traverse, or the sheet may be turned
over during calibration to determine the relative response from the
calibration notch on both the incident and far side of the sheet.
5.7.1.2.4. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, with shear
wave, the defects on or near the far surface shall be compared to the
calibration from the far surface notch; defects near the center shall
be compared to the calibration from the hole at the appropriate depth;
defects on the near surface shall be compared to the calibration from
the near surface notch.
5.7.1.2.5. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.12.6o Rejection. The above procedure shall be followed and in-
dications of defects which exceed the magnitude obtained from the
appropriate calibrated notch in the sample shall be cause for rejec-
tion, unless otherwise agreed by the purchaser and vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus in-
spected shall be marked with ink stamps as described in the specifica-
tion; impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection° Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
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5.9. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1_ Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bun-
dle, box or carton consists of components from more than one ingot num-
ber or lot number, each component shall be identified individually.
6.2° Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
7_ DEFINITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7°2. Check Analysis. An analysis may be requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis toler-
ances do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurements of the chem-
ical content°
7_3. Significance of Numerical Limits. For determining compliance with
the specified limits for requirements of the properties listed below,
and observed value or a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended Prac-
tices for Designating Significant Places in Specified Limiting Values.'!
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Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Nearest i00 psi
Nearest 1%
Nearest 0.i hour
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SPECIFICATION
SEAMLESS TUBING AND PIPE: T-222
(Ta-10.4W-2.4Hf-0.01C) ALLOY
prepared for
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
Contract NAS 3-2547
SPACE POWER AND PROPULSION SECTION
MISSILE AND SPACE DIVISION
GENERAL ELECTRIC COMPANY
CINCINNATI, OHIO 45215
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SPECIFICATION
SEAMLESS TUBING AND PIPE: T-222
(Ta-10.4W-2.4Hf-0.01C) ALLOY
i. SCOPE
i.I. Scope. This specification covers T-222 (Ta-10.4W-2.4Hf-0.01C)
alloy in tube and pipe form intended for high temperature structural
applications and alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for
Designating Significant Places
in Specified Limiting Values
ASTM Designation EI12-61
(1961)
Estimating Average Grain Size
of Metals
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(i March 1955)
Fluorescent Penetrant Inspec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
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3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion_ forging,
tube reducing and drawing equipment normally found in primary ferrous
and nonferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor to achieve the grain size range speci-
fied in paragraph 3.6 and mechanical properties specified in paragraph
3.7. The total amount of reduction from the turned ingot to the final
product shall exceed 75%° The amount of final reduction for each mill
product, imparted just prior to the final vacuum heat treatment and
the total reduction s%nce the last recrystallization anneal shall be
reported in the certificate of compliance°
3.4. Condition
3.4.1. General. The finished product will be supplied in the recry-
stallized condition throughout the cross-sectional area to the grain
size range specified in paragraph 3.6. "_
3.4.2. Heat Treatment. All annealing shall be carried out in a vacuum
of less than ! x 10-5 torr. All mill products to be annealed shall be
thoroughly degreased, chemically cleaned and protected from furnace
parts by a layer of fresh tantalum, columbium or Cb-iZr alloy foil
0.002-inch thick or greater. When annealing is carried out in a vacuum
greate_ than I x 10-5 torr, with the prior approval cf the purchaser_
all mill p_oducts shall be enclosed in a chemically cleaned tantalum,
columbium or Cb-IZr alloy retort or wrapped in a minimum of two layers
of fresh tantalum, columbium or Cb-IZr alloy foil 0o002-inch thick or
greater. The conditions of final annealing shall be reported in the
certificate of compliance.
3.4.3. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing condi-
tions. A microhardness traverse shall show a hardness increase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the
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purchaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Ch'emical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analyses for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. The finished product analysis shall not ex-
ceed the following limits or variations:
For Wall Thicknesses 0.020 Inch or Greater
Element
Check Analysis
Limits I ppm
Maximum Minimum
Permissible Variations
in Check Analysis_ ppm
Carbon 175 80 ,+ i0
Oxygen 150 - + 20
Nitrogen 75 - + i0
Hydrogen I0 - + 2
For Wall Thicknesses Less Than 0.020 Inch
Element
Check Analysis
Limits_ ppm
Maximum Minimum
Permissib&e Variations
•in Check Analysis, ppm
Carbon
Oxygen
Nitrogen
Hydrogen
175
300
i00
i0
80
m
+ i0
+ 20
+ i0
+ 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
Tantalum
T-222
•.TABLE .I
cmmIC_ com_,SITION
(Ta-Kt4W-2.4Hf-0.01C) ALLOY
Minimum Content
ippm,
80
9.6 w/o
2.2 w/o
Remainder
Maximum Content
DD_
175
50
i00
i0
i000
200
50
50
50
20
11.2 w/°
2.8 W/o
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The grain size of the final products shall conform
Allowable Spread
Minimum Allowable in ASTM Grain Size
ASTM Grain Size No. Nos. in Any One Item
% Rx
Minimum
2 i00
2 i00 _
2 i00
2 95
6
Product Wall
Thickness, Inches
Less than 0.010
0.010 to 0.065 6
0.065 to 0.125 5
0.125 to 0.250 4
0.250 to 0.500 3
3.7. Mechanical Properties.
3 90
The final product shall satisfy the fol-
lowing mechanical property requirements:
3.7.1. Room Temperature Tensile Properties. Representative samples
of the material in final form shall be capable of the following property
limits at room temperature (65°-85°F).
Ultimate Tensile
Strength, ksi
Minimum Maximum
0.2% Yield
Strength 2 ksi
Minimum Maximum
Elongo, %(1)
Minimum
105 125 i00 120 _ 20
(i) % Elongation in 4D for Threaded or Button-
Head Test Specimens; in 2 Inches for Flat
Specimens.
3.7.2. Stress-to-Rupture Tests. The material shall be capable of
achieving the following stress-rupture life under suitable environ-
mental conditions (see paragraph 5.4.3):
Test Temp._ °F Stress, ksi
Minimum Life
Hours
2400 30 20
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Chemical analyses of stress-rupture specimens after test shall demon-
strate that the degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 50 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than I0 ppm. The following limits shall
apply to check analyses of analytical results:
Carbon + i0 ppm
Oxygen ± 25 ppm
Nitrogen ± 25 ppm
Hydrogen + 2 ppm
3.7.3. Hydrostatic Test. Each tube, 1/8 inch or larger in outside
diameter with a wall thickness of 0.015 inch or over, shall be tested
to a hydrostatic pressure sufficient to produce a fiber stress of
12,000 psi. The test pressure not to exceed i0,000 psi, shall be de-
termined by the equation (P = 2St/D), where:
P = hydrostatic test pressure in pounds per square inch;
S = 12,000 psi;
t = average wall thickness of the tube in inches;
D = outside diameter of the tube in inches.
3.7.4. Flare Test. A section of the heat treated tube shall be cap-
able of being flared without cracking. The flare shall be made with
a tool having a 60-degree included angle until the specified outside
diameter has been increased by 15%.
3.8. Tolerances
3.8.1. Diameter and Wall Thickness. The permissible variations in
diameter and wall thickness of tube shall not exceed those prescribed
in Table II (refer to page 8).
3.8.2. LenKth. When tube is ordered cut-to-length, the usable length
shall not be less than that specified, but a variation of plus 1/8 inch
will be permitted in lengths up to 6 feet. In lengths over 6 feet, a
variation of plus 1/4 inch will be permitted, unless otherwise specified.
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TABLE II
PERMISSIBLE VARIATIONS IN TUBE DIMENSIONS
Nominal OD
Inches
0.187 to but not incl. 0.625
0.625 to but not incl. 1.000
1.000 to but not incl. 2.000
2.000 to but not incl. 3.000
3.000 to but_not incl. 4.000
Wall
OD ID Thickness
Inc____hh Inc____hh %
+ 0.004 + 0.004 + i0
+ 0.005 + 0.005 + i0
± 0.0075 + 0.0075 + i0
+ 0.010 + 0.010 + I0
+ 0.0125 " + 0.0125 + 10
NOTES: ............ "- ......................... _-
(i) Tolerances are applicable to only the two dimensions specified
on the purchase order, e.g., outside diameter and wall; inside
diameter and wall; outside diameter and inside diameter.
(2) For tolerances applicable for very small tubes (less than 0.187-
inch diameter) or very thin-wall tubes (less than 0.010-inch
thick), the producer shall be consulted.
(3) For tubes having an insidediameter less than 60% of the outside
diameter or a wall 3/4 inch or over thick, which cannot be suc-
cessfully drawn over a mandrel, the inside _iameter may vary by
an amount equal to plus or minus 10% of the wall thickness. The
wall thickness of these tubes may vary plus or minus 12.5% from
that specified.
(4) Ovality measured at any cross section: For tubes with nominal
wall thickness less than 3% of the nominal outside diameter, the
ovality tolerances are double the tolerances in column 2 or 3.
For ovality tolerances for tubes with wall thickness less than
2%nominal outside diameter, the producer shall be consulted.
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3.8.3. Straightness. The tube shall be free of bends or kinks. For
lengths up to i0 feet, the maximum bow shall not exceed one part in 1200;
for lengths greater than i0 feet, the maximum bow shall not exceed one
part in 600, unless otherwise agree upon.
3.9. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions and test procedures and results for each lot of material in
the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. Cracks, laps, seams, fins and tears shall be unaccept-
able. The surface shall also be free from oxide or scale of any nature,
grease, oil, residual lubricants, or other extraneous material.
4.2. Porosity and Inclusions. Indications with dimensions greater
than 3% of the wall thickness shall be unacceptable. Indications with
dimensions in the range of 1% to 3% of wall thickness must be a mini-
mum of 0.50 inch apart. Indibations with dimensions less than 1% of
the wall thickness must be a minimum of 0.12 inch apart.
4.3. Surface Rework. Defects less than 3% of the nominal wall thick-
ness detected by penetrant or ultrasonic inspection may be removed by
grinding, provided the wall thickness is not decreased below that per-
mitted in Table II (refer to page 8).
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all test
and inspection of the material covered by this specification before
shipment unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may witness
the testing and inspection of the material. The manufacturer shall give
the purchaser ample notice of the time and place of designated tests.
If the purchaser's representative is not present at this time and a new
date is not set, the requirement for purchaser's inspection at the place
of testing is waived. When the purchaser's representative is present
at the appointed time and place, the manufacturer shall afford him, with-
out charge, all reasonable facilities to assure that the material is
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being furnished in accordance with this specification. The inspec-
tion shall not interfere unnecessarily with production operations.
5.3. Sample Selection. Care shall be exercised to insure that the
sample selected for testing is representative of the material and un-
contaminated by the sampling procedure. If there is any question about
the sampling technique or the analysis, _he methods for sampling and
analysis shall be those agreed to by the buyer and seller. The speci-
men configuration selected for the performance of the testing required
in paragraphs 5.4.2. and 5.4.3. shall be mutually agreed upon by the
vendor and purchaser prior to placement of a purchase order. The lo-
cation of all test samples shall be reported in the certificate of com-
pliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
5.4.2. Tensile Test. The tension test shall be performed in accord-
ance with ASTMDesignation ES-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0°6% offset and
then 0.050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are :
Specimens shall be tested in a vacuum of i x 10 -6 tort or
better. The vacuum system shall incorporate an optically
tight liquid nitrogen cold trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temper-
ature before application of load.
Test temperature shall be maintained at plus or minus 10°F
during the test.
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5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Flare Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse -
Hydrostatic Proof Test -
5.6. Retest and Rework
5.6.1. Surface Contamination.
one per lot per ingot
100%
Any sample or specimen exhibiting 0b-
vious surface contamination or improper preparation which disqualifies
it as a truly representative sample shall be replaced with a new sample.
5.6.2. Rework. If inspection and test results of a lot do not Conform
to the requirements of this specification, the lot may be reworked at
the option of the manufacturer° The lot shall be acceptable if all
test results, after reworking, conform to this specification_
5.7. Inspection
5.7ol. Methods of Inspection
5.7.1ol. Radiographic. When specified, the product shall be radio-
graphed and found free of porosity and inclusions as specified in para-
graph 4°2 using the techniques described in AMS 2635, "Radiographic
Inspection." The radiographs and product shall be identified so that
the exact position of each radiograph can be correlated with the speci-
fic area on a particular product.
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5.7.1.2o Ultrasonic Inspection. Unless otherwise agreed to by the pur-
chaser and the vendor, the material shall be inspected ultrasonically.
5o7.1o2olo Method and Equipment. Ultrasonic inspection shall be by
the immersed technique at 5 mc or higher frequency using focused trans-
ducers° Inspection shall be by both circumferential and axial shear
techniques with longitudinal wave being added when the wall thickness
is greater than 0o150 inch. For longitudinal wave technique and for
circumferential shear, transducers up to 2 inches long may be used with
or without automatic equipment to rotate the tube past the transducer.
If spiral pattern inspection traverse is not used, steps must be taken
to assure that the ultrasonic beam remains in the same position rela-
tive to the tubing so the beam-to-tubing angle remains constant. For
axial (longitudinal) shear, transducers must have no greater than 0_5
inch axial length. Transducers must be cylindrically focused for a
diameter range which includes the tubing on which it is to be used°
5.7olo2.20 Calibration. Calibration shall be on notches (a total of
four, two axial and two circumferential), cut in the tube on both the
outside and inside surface unless otherwise specified° The depth of the
notches shall be 3% of the wall thickness to a minimum depth of 0°001
inch; the width, no greater than depth; the length, at least that of the
ultrasonic beam with a maximum lengt_ of i inch. Material having a
wall thickness greater than 0.150 inch shall also have an 0:020-inch
diameter hole machined into the wall in the longitudinal direction at
mid-point of the wall thickness. Focusing shall be done to maximize
the indication from the inside diameter notch placed properly for the
type of inspection contemplated. After focusing is completed, the
inside diameter indication shall be set at 80% and gain setting re-
corded° Gain setting for 80% on the outside diameter notch shall also
be recorded° Inspection shall be at the gain setting for the inside
diameter indication. A distance corresponding to the wall thickness
shall be marked on the oscilloscope. Focal distance to the part to be
inspected shall be set to that used for the calibration piece before
beginning inspection. Calibration shall be done both before snd after
the inspection or at the beginning and end of each work shffto If
calibration has changed (gain change greater than 5%), all inspections
since the previous calibration shall be repeated.
5.7.1.2o3. Rejection. Rejection shall be by any indication which ex-
ceeds the amplitude of the respective calibration indication; i.eo, in-
side diameter defects shall be compared to the indication from the notch
on the inside diameter, and outside diameter defects shall be compared
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to the indication from the notch on the outside diameter. Defects less
than half the thickness from the surface or less than 0.150 inch from
the surface, whichever is smaller, shall be compared to the outside
diameter calibration indication. Defects more than half the thickness
from the incident surface or more than 0.150 inch from the surface
shall be compared to the indications from the inside diameter calibra-
tion notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected
shall be marked with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless other-
wise specified, rejected material may be returned to the manufacturer
at the manufacturer's expense if the purchaser does not receive other
instructions for disposition within three weeks after notice of rejec-
tion.
5.9. Referee. If the manufacturer and the purchaser disagree con-
cerning the conformance of the material to the requirements of this
specification or any special test specified by the purchaser, a mu-
tually acceptable referee's test shall be used to determine conform-
ance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net and tare weights. When each bundle
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box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
6.2. Packing. The ends of each pipe or tube shall be sealed with
suitable plastic caps and each individual item shall be wrapped in
heavy gauge polyethylene or similar material _nd packed in a manner
assuring safe delivery when properly transported by a common carrier.
7. DEFINITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has
been obtained from the General Electric Company.
7.2. Check Analysis. An anaiysis may be requested by the purchaser
chaser of the metal, after it has been processed into finished mill
forms, for the purpose of verifying the composition within a heat or
lot. Check analysis tolerances do not broaden the specified heat anal-
ysis requirements but rather cover variations between laboratories in
the measurement of the chemical content.
7.3. Significance of Numerical Limits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed value or a calculated value shall be rounded off
using the rounding-off method in ASTM Designation E29-58T, "Recommende_
Practices for Designating Significant Places in Specified Limiting Values_!
Test
Chemical composition and di-
mensional tolerances (when
expressed decimally)
Rounded-Off Unit for
Observed or Calculated Value
Nearest unit in the last right-
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest 1%
Rupture life Nearest 0.i hour
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SPECIFICATION
FOIL: T-222 (Ta-10.4W-2.4Hf-0.01C) ALLOY
i. SCOPE
i.i. _. This specification covers T-222 (Ta-10.4W-2.4Hf-0.01C)
alloy in foil form for high temperature non-structural applications°
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents° None
3. REQUIREMENTS
3.1. acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be made
from ingot which have been double vacuum melted by the electron beam
and/or consumable electrode arc melting processes. Breakdown operations
shall be performed with conventional extrusion, forging and rolling
equipment normally found in primary ferrous and nonferrous plants.
3.3. Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. All
annealing shall be carried out in a vacuum of less than i x 10 -5 torr.
All mill products to be annealed shall be thoroughly degreased, chem-
ically cleaned and protected from furnace parts by a layer of fresh
tantalum, columbium or Cb-iZr alloy foil 0.002 inch thick or greater.
When annealing is carried out in a vacuum greater than i x 10 -5 torr, wi_
the prior approval of the purchaser, all mill products shall be enclosed
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in a chemically cleaned tantalum, columbium or Cb-igr alloy re=ort or
wrapped in a minimum of two layers of fresh tantalum, co!umbium or Cb-iZr
alloy loll 0.002-inch thick or greater. The conditions of final anneal-
ing shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. !n_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radlus and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. F%nal Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied!_Nder
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits, Max., ppm
PermiSsible Variations
in Check Analysis, ppm
Carbon 80 min; 175 max _+ i0
Oxygen 300 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
3.6. Bend Ductility. Representative samples of the materials in
final form sha_l withstand a 180 ° bend without failure.
3.7. Tolerances
3.7.1. Definition. Foil includes material less than 12 inches wide
and up to and including 0.010-inch thick.
3.7.2. Dimensions.
limits:
Foil dimensions shall conform to the following
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E ieme nt
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
T ant alum
TABLE I
CHEMICAL COMPOSITION,
T-222 (Ta-10.4w-2,.4Hf-0.01C) ALLOY
Minimum Content
ppm
80
m
9.6 w/o
2.2 w/o
Remainder
Maximum Content
175
50
i00
i0
I000
200
50
50
50
20
ii. 2 w/o
2.8 w/o
o
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Material Thickness
Inch
Thickness Tolerances
Inch
Width Tolerances
Inch
Less than 0.003 +0.0008, -0.0000 +0.031, -0.000
0.003 to 0.005 +0. 001 +0.031, -0.000
0.005 to 0.010
_+0.0015 +0.031, -0. 000
3,8. General. The finished product shall be visilby free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4. QUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspectionre-
suits shall be furnished to theipurchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If
there is any question about the sa_!ing technique or the analysis,
the methods for sampling and analysis shall be those agreed to by the
buyer and seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
4.4. Number of Tests Required. Representative test specimens from the
finishedproduct representing each ingot and each lot of material shall
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Bend Test - two per lot per ingot
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4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4.6. R_jection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection, Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after
notice of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine uonformance.
. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box or carton shall be legibly
and conspicuously marked or tagged with the number of this specifica-
tion, purchase order or contract number, type, ingot number, lot number,
nominal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or other similar material and packed in a manner
assuring safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lo__/_t.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
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6.2. Check Analysis. Ananalysis, made or requested by the purchaser,
of the metal after it has been processed into finished mill f6rms to
verify the composition within a heat or lot. Check analysis_oler-
antes do not broaden the specified heat analysis requirementsbut rather
cover variations between laboratoriesin the measurement of the chemi-
cal content.
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SPECIFICATION
WIRE: T-222 (Ta-10.4W-2.4Hf-0.001C) ALLOY
i. SCOPE
i.i. Scopeo This specification covers T-222 (Ta-10.4W-2.4Hf-0°01C)
alloy in wire form for use as weld filler material in fabricating
components intended for high temperature structural applications and
alkali metal containment.
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents. None
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be
made from ingots which have been double vacuum melted by the electron
beam and/or consumable electrode arc melting processes. Breakdown
operations shall be performed with conventional extrusion, forging and
rolling equipment found in primary ferrous and nonferrous plants.
3.3 Processing. The starting stock size, processing temperatures,
percentages of reduction, in-process annealing temperatures and times
shall be selected by the vendor.
3.4. Condition. The finished product shall be supplied in the fully
recrystallized condition throughout the cross-sectional area. Annealing
shall be carried out in a vacuum of less than i x 10 -5 torr. All mill
products to be annealed shall be thoroughly degreased, chemically
cleaned and protected from furnace parts by a layer of fresh tantalum,
columbium or Cb-iZr alloy foil 0.002-inch thick or greater. When
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annealing is carried out in a vacuum greater than i x 10 -5 torr, with
the prior approval of the purchaser, all mill products shall be en-
closed in a chemically cleaned tantalum, columbium or Cb-lZr alloy re-
tort or wrapped in a minimum of two layers of fresh tantalum, columbium
or Cb-lZr alloy foil 0.002-inch thick or greater. The conditions of
final annealing shall be reported in the certificate of compliance.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I (page 4). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses
shall be considered the chemical analysis for products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined in the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
For Material Greater than 0.030 Inch in Diameter
Element
Check Analysis
Limits, Max. 2 ppm
Permissible Variations
in Check Analysis_ ppm
Carbon 80 min; 175 max + I0
Oxygen 150 + 20
Nitrogen 75 + i0
Hydrogen i0 + 2
Element
For Material 0.030 Inch and Less_1@ Di_eteg
Check Analysis Permissible Variations
Limits, Max._ ppm in Check Analysis_ ppm
Carbon
Oxygen
80 min; 175 max + i0
300 + 20
Nitrogen i00 + i0
Hydrogen i0 + 2
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Element
Carbon
Nitrogen
Oxygen
Hydrogen
Columbium
Molybdenum
Nickel
Cobalt
Iron
Vanadium
Tungsten
Hafnium
T ant alure
TABLE I
CHEMICAL COMPOSITION
T-222 _Ta-10.4W-2.4Hf-0.01C_ ALLOY
Minimum Content
ppm
80
9.6 w/o
2.2 w/o
Remainder
Maximum Content
ppm
175
5O
I00
i0
i000
200
50
50
50
20
Ii. 2 w/o
2.8 Wl o
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3.6. Tolerances
3.6.1. Definition. Wire - material less than 0.125 inch in diameter.
3.6.2. Diameter. The permissible variation in diameter shall not
exceed the following limits:
Diameter. Inch Diameter Variation_ Inch
0.005 to 0.009 + 0.0002
0.010 to 0.019 + O. 0003
0.020 to 0.029 + 0.0005
0.030 to 0.061 + 0.001
0.062 to 0.125 + 0.002
3.7. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
4. qUALITY ASSURANCE PROVISIONS
4.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
4.2. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. If there
is any question about the sampling technique or the analysis, the meth-
ods for sampling and analysis shall be those agreed to by the buyer
and seller.
4.3. Chemical Analysis. Chemical analyses shall be conducted by mu-
tually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements.
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4.4. Number of Tests Required. Representative test specimens from the
finished product representing each ingot and each lot of material shall!
be taken to determine conformity to this specification. The minimum
frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
4.5. Reports. The manufacturer shall supply at least three copies
of a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the speci-
fication and the purchase order or contract number.
4.6. Re iection. Material not conforming to this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
4.7. Referee. If the manufacturer and the purchaser disagree about
the conformance of the material to the requirements of this specifica-
tion or any special test specified by the purchaser, a mutually accept-
able referee's test shall be used to determine conformance.
5. PREPARATION FOR DELIVERY
5.1. Identification. Each bundle, box, or carton shall be legibly
and conspicuously marked or tagged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle,
box or carton consists of components from more than one ingot number
or lot number, each component shall be identified individually.
5.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
6. DEFINITIONS
6.1. Lo_.__tt.A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
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temperatures may reach 500°F or above. When process temperatures and
environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained f_om the General Electric Company.
6.2. Check Analysis. An analysis, made or requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition with a heat or lot. Check analysis tolerances
do not broaden the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chem-
ical content.
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BAR AND ROD:
SPECIFICATION
Cb-132M (Cb-2OTa-15W-5Mo-2Zr-.13C) ALLOY
i. SCOPE
i.i. Scope. This specification covers Cb-132M (Cb-20Ta-15W-5Mo-2Zr-
.13C) alloy in bar and rod form intended for high temperature struc-
tural applications in alkali metal systems.
1.2. Classes. SPPS-16A
SPPS-16B
Recrystallized
Stress-Relieved
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Government Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of
Metallic Materials
ASTM Designation E29-58T
(1958)
Recommended Practices for Des-
ignating Significant Places in
Specified Limiting Values
ASTM Designation (Pending) Methods for Chemical Analysis
of Reactor and Commercial
Columbium
ASTM EI12-61
(1961)
Estimating Average Grain Size
of Metals
AMS 2635
(15 August 1958)
Radiographic Inspection
AMS 2645
(i March 1955)
Fluorescent Penetrant Inpsec-
tion
AMS 2646
(i March 1955)
Contrast Dye Penetrant Inspec-
tion
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3.1. Ackn0wled_ment _. The vendor shall mention this specification
in all quotations and all purchase order acknowledgments.
3.2. Manufacture. Material covered by thisspecificati0n shall be
made from ingots which have been double vacuum melted:by the e_ectron
beam and/or consumable electrode arc melting processes. Breakdown
operationsshall be performed with conventional extrusion, forging
and rolling equipment normally found _n primary ferrous and nonferrous
plants.
3.3. Processing. The starting stock size, processing temperatvres,
percentagesof reduction and in-process and final annealing, aging or
stress-relieving temperatures and times shall be selected by the vendor
to achieve the structure or grain size range specified in paragraph
3.6 and mechanical properties specified in paragraph 3.7. The amount
of total reduction from _the turned ingot to the final products of
_lasses A and B shall exceed 75%; the amount of final reduction im-
parted to mill products of Class B since the last Rx anneal and prior
to final stresS-relief iheat treatment shall not exceed 80%. The amount
of final reduction for edch mill product, imparted Just prior to the
final vacuum heat treatment and the total reduction since the previous
recrystallizatlon anneal shall be reported in the certificate of compli-
ance.
3.4. Condition
3.4.1. Class A. The finished product shall be supplied in the re-
crystallized condition throughout the cross sectional area to the grain
size range specified in paragraph 3.6.
3.4.2. Class B. The finished pro_ucC shall be supplied
relieved condition throughout the cross sectional area as
paragraph 3.6.
in the stress-
specified in
3.4.3, Heat Treating. All heat treating shall be carried out in a
vacuum less than 1 x 10-5 tort. All mill products to be heat treated
shall be thoroughly degreased, chemical17 cleaned and protected from
furnace parts by a layer of fresh tantalum, columbium or Cb-lZr a11o7
foil, 0.002-inch thlck or greater. When annealing is carried out in
a vacuum greater than 1 x 10 -5 tort, with the prior approval of the
purchaser, all mill produ=ts shall be enclosed in a chemlcally cleaned
columbium, tanCalum or Cb-iZr a11o7 retort or wrapped ina mlni_Jm of
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two layers of fresh tantalum, columbium or Cb-iZr alloy foil 0.O02-inch
thick or greater. The conditions of final heat treating shall be re-
ported in the certificate of compliance.
3.4.4. Contamination. All items are to be free of contamination or
internal oxidation. After final heat treatment, the material shall be
examined metallographically for evidence of possible contamination
caused by unsatisfactory heat treating atmospheres or processing con-
ditions. A microhardness traverse shall show a hardness incre_ase not
greater than 50 VHN from the center to the surface of a cross sectional
sample of the final product. At the discretion of the purchaser, sam-
ples taken to include at least one surface of the final product, and
not exceeding 0.050-inch thick, may be chemically analyzed by the pur-
chaser for oxygen, nitrogen, hydrogen and carbon. The analyses shall
not exceed the limits set forth in paragraph 3.5.3. Any indication of
contamination shall be cause for rejection of all material represented
by that sample. The material shall be acceptable if the contaminated
layer is completely eliminated before shipment by a machining operation
within the specified dimensions and tolerances.
3.5. Chemical Composition
3.5.1. In_ot/Billet Composition. The chemical composition of ingots
and billets for conversion to finished products shall conform to Table
I .(page 5). A minimum of four analyses shall be obtained as follows:
ingot top-center, mid-radius and edge, and ingot bottom-center; all
analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition, The manufacturer's ingot analyses
shall be considered the chemical analyses of products supplied under
this specification (Table I) except carbon, oxygen, nitrogen and hy-
drogen content which shall be determined on the finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed
the following limits or variations:
Element
Check Analysis
Limits_ Max. I ppm
Permissible Variations
in Check Analysis, ppm
Carbon II00 min.; 1500 max. ± 50
Oxygen 200 + 20
Nitrogen i00 + i0
Hydrogen 5 + 2
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TABLE I
C_mM_ICAL CO_OSITION
e
Cb-132M (Cb-2OTa-15W-SMo-2Zr-. 13C) ALLOY
Element
Carbon
Nitrogen
Oxygen
Hydrogen
Nickel
Cobalt
Iron
Tantalum
Tungsten
Molybdenum
Zirconium
Columblum
Minimum Content
ppm
ii00
18.5 W/o
13.5 w/o
4.5 W/o
i 75 w/
• O
Remainder
Maximum Content
ppm
1500
5O
i00
5
5O
5O
5O
21.5 W/o
16.5 w/o
5,5 W/o
2.25 w/o
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3.6. Structure
3.6. i° Class A.
to the following limits:
Product Diameter
or Thickness, Inches
0.125 to 0.250
Over 0.250 to 0.500
Over 0.500 to 1.0
Over 1.0 to 2.0
Greater than 2.0
3.6.2. Class B.
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The grain size of the final product shall conform
Allowable Spread
Minimum Allowable in ASTM Grain Size Z R x
ASTM Grain Size No. Nos. in Any One Item Minimum
4 2 90
4 2 90
4 2 90
4 2 90
3 3 9O
The grain size of the final product shall conform
Minimum Allowable
Equivalent ASTM
Grain Size No.
Perpendicular to
Direction of Work
to the following limits:
Product Diameter
or Thickness_ Inches
0.125 to 0.250
Over 0.250 to 0.500
Over 0.500 to 1.0
Over 1.0 to 2.0
Greater than 2.0
4
4
3.7, Mechanical Properties.
following mechanical property requirements:
4
4
3
The final product
Maximum
5
5
5
5
5
shall satisfy the
-276-
SPPS-16-R1
23 December 1964
Page 7 of 15
3.7' 1. Room Temperature Tensile Properties (Tentative). Representa-
tive samples of the material in final form shall be capable of the _
following property limits at room temperature (65"-86°F).
Ultimate Tensile 0.2%Yield Elongi,%
' Strength I ksi Strength I ksi in 4D
Clas_..___s Minimum Maximum Minimum Maximum Minimum
A 90 125 80 ii0 7
B* 140 190 115 160 20
*Longitudinal to the Direction of Work.
3.7.2. Stress-to-Rupture Tests (Tentative) . The material shall be
capable of achieving the following stress-rupturelife under suitable
environmental conditions (see paragraph 5.4.3).
Test Temp. MinirmmLife
Class °F Stress t ksi Hour s
A 2200 40 20
B* 2200 30 20
* Longitudinal to the Direction of Work.
Chemical analysis of stress-rupture specimens after test shall demon-
stratethatthe degree of environmental contamination did not exceed
the following limits: total increase in oxygen plus nitrogen content--
less than 100 ppm; increase in hydrogen content--less than 5 ppm; in-
crease in carbon content--less than 10 ppm. The following limits shall
apply to the analytical results:
Carbon + i0 ppm
Oxygen ± 50 ppm
Nitrogen _ 50 ppm
Hydrogen ± 2 ppm
_277_
3.8.
3.8.1.
3.8.1.1.
SPPS-16-R1
23 December 1964
Page 8 of 15
Tolerances
Rolled I Swa_ed or Drawn Rounds
Definition. Rod - 3.5 inches in diameter or less.
3.8.1.2. Diameter. The permissible variation in diameter and the
limits of out-of-roundness of descaled rounds shall not exceed those
in Table ii (refer to page 9).
3.8.1.3. _ut Lengths. Maximum length variation shall be 0.25 inch.
3.8.1.4. Straightness. Maximum deviation shall be 0.050 inch per
foot in any length.
3.8.2. Square or Rectangular Bar
3.8.2.1. Definition. Bar - any straight product with a rectangular
cross-section 0,187 inch or more thick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise specified, forged or rolled
square and rectangular shapes shall have the following tolerances:
Thickness Length Width
± 0.025 Inch or ± 5%, ± 0.125 Inch ± 0.125 Inch
whichever is less
3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch
per foot in any length.
3.9. Reports. The manufacturer shall supply at least three copies of
a report showing non-proprietary manufacturing methods, processing
conditions, and test procedures and results for each lot of material
in the shipment. The report shall also include the number of the
specification and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide
or scale of any nature, grease, oil, residual lubricants, and other
extraneous materials. Cracks, laps, seams, gouges, and fins shall be
unacceptable.
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TABLE II
pEP,MISST_BLE .D_NSTO1q_L VARIAT'I.ONS FOR _ BAE
Diameter
Inches
0o125 co 0.281
Over 0.281 co 0.406
Over 0.406 Co 0.625
OverO.625 Co 0.875
Over 0.875 Co 1.000
Over 1.000 co 1.375
Over 1.375 co 1.500
Over 1.500 co 1.625
Over 1,625 co 2.000
Over 2_000 co 2.500
Over 2.500 Co 3.250
Over 3.250 co 3. 500
Diameter
Variation
Inch
,m
+ 0.002,
÷ 0.010,
+ 0.010,
+ 0.015,
+ 0.020,
+ 0.020,
+ 0.020,
+ 0.025,
+ 0.030,
+ 0.032,
+ 0.032,
+ 0.045,
-0.002
-0.005
-0,,005
-0.005
-0.005
-0.010
-0.015
-0.015
-0.030
-0.032
-0.032
-0.045
Out-of-Eoundness
Inch
0.004
0.008
0.0i2
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
0.040
Centerless Ground Rounds
0.062 co 2.00
Over 2. O0
+ 0.002,
+ 0.003,
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4.2. Porosity and Inclusions. Indications of internal porosity and
non-metallic inclusions greater than 0.020 inch or 3% of the thickness,
whichever is smaller, shall be unacceptable. Those indications in
the range 0.010 inch to 0.020 inch or 2% of the thickness or diameter,
whichever is smaller, shall be a minimum of 0.500 inch apart; those
indications less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects
deeper than 0.005 inch or 3% of the thickness, whichever is smaller,
shall be unacceptable. Surface imperfections may be faired smooth to
remove any notch effect provided dimensional tolerances are still main-
tained.
5. qUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests
and inspections of the material covered by this specification before
shipment, unless otherwise specified. All test and inspection results
shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may wit-
ness the testing and inspection of the material. The manufacturer
shall give the purchaser ample notice of the time and place of desig-
nated tests. If the purchaser's representative is not present at this
time and a new date is not set, the requirement for purchaser's in-
spection at the place of testing is waived. When the purchaser's
representative is present at the appointed time and place, the manu-
facturer shall afford him, without charge, all reasonable facilities
to assure that the material is being_furnished in accordance with this
specification. This inspection shall not interfere unnecessarily with
production operations.
5.3. Sample Selection. Care shall be exercised to insure that the
samples selected for testing and chemical analyses are representative
of the material and uncontaminated by the sampling procedure. Samples
for the determination of mechanical properties shall be selected so as
to consume a minimum amount of material, i.e., specimens from mate-
rial of Class A may be taken transverse to the final working direction
from bar of sufficient width or from rod greater than 2.0 inches in
diameter. If there is any question about the sampling technique or the
analysis, the methods for sampling and analysis shall be those agreed
to by the buyer and seller. The location of all test samples shall be
reported in the certificate of compliance.
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5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by
mutually acceptable procedures, such as the vacuum fusion methods for
gases, the combustion method for carbon, and the spectrochemical meth-
ods for metallic elements. Disputes shall be settled by accepted
referee methods, such as the ASTM "Methods for Chemical Analysis of
Reactor and Commercial Columbium."
5.4.2. Tensile Test. The tension test shall be conducted in accord-
ance with ASTM Designation Eg-57T, "Methods of Tension Testing of
Metallic Materials." Yield strength shall be determined by the offset
(0.2%) method. The tensile properties shall be determined using a
strain rate of 0.005 inch per inch per minute up to 0.6% offset and
then 0°050 inch, plus or minus 0.020 inch, per inch per minute to
fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens
shall be determined by mutually acceptable testing techniques. Sug-
gested testing techniques for determining stress-rupture properties
are:
Specimens shall be tested in a vacuum of i x 10 -6 tort
or better. The vacuum system shall incorporate an op-
tically tight liquid nitrogen cold trap or a getter-ion
pump.
Specimens shall be held for a half hour at the test
temperature before application of load.
Test temperature shall be maintained at plus or minus
10°F during the test.
5.4.4. Grain Size. Grain size determinations shall be made according
to ASTM Specification EI12-61, "Estimating the Average Grain Size of
Metals."
5.5. Number of Tests Required. Representative test specimens from
the finished product representing each ingot and each lot of material
shall be taken to determine conformity to this specification. The
minimum frequency of these tests shall be:
-B8!-
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one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
Microhardness Traverse - one per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting
obvious surface contamination or improper preparation which disquali-
fies it as a truly representative sample shall be replaced with a new
sample.
5.6.2. Rework. If inspection and test results of a lot do not con-
form to the requirements of this specification, the lot may be re-
worked at the option of the manufacturer. The lot_sh_ll be acceptable
if all test results, after reworking, conform to this specification.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be
radiographed and found free of porosity and inclusions as specified
in paragraph 4.2 using the technique described in AMS 2635, "Radio-
graphic Inspection." The radiographs and product shall be identified
so the exact position of each radiograph can be correlated with the
specific area on the particular product.
5.7.1.2. Ultrasonic. All material 0.125-inch diameter and larger
shall be inspected ultrasonically.
5.7.1.2.1. Method and Equipment. The finished products shall be ultra-
sonically inspected by the inlnersed technique at 5 mc or above. Trans-
ducers shall be no larger than 0.75-inch diameter. Surface finishes
shall be no rougher than 125 rms. Inspection shall be by longitudinal
wave and by shear wave in two perpendicular directions, i.e., longi-
tudinal and transverse and shall be with focused transducers appro-
priate to the diameter being inspected (360 degree transducers are
allowable where appropriate). Automatic equipment which traverses a
-282-
SPPS-16-RI
23 December 1964
Page 13 of 15
spiral path is satisfactory; but three traverses shall be made, one
with the transducer in the circumferential shear position, one with
the transducer in the axial shear position, and one with the trans-
ducer in the longitudinal wave position, unless otherwise specified.
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches
and holes in a segment of the material reserved solely for calibration
purposes or in a calibration specimen of similar nature and shape. The
depth of the notches shall be 3% of the bar thickness, 1.5% of the rod
diameter, or 0.005 inch, whichever is smaller; the width, no greater
than depth; the length, greater than beam width. The notches shall
be placed perpendicular to the direction of the shear wave beam and
perpendicular to the surface, e.g., axial and circumferential notches
on bar. In addition to the notches, a 0.020-inch diameter hole shall
be made at least 0.5-inch deep in the calibration piece parallel to
the:surface at a distance from the surface of 1/2 the thickness or
diameter or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the
thickness. Calibration settings to achieve 80% amplitude of these
notches or holes along with the magnitude of the other applicable
calibration defects shall be recorded. For example, on bar with shear
wave, the notch on the near surface should be set at 80% and the ampli-
tudes recorded for the indications from the hole and the notch on the
far surface. Gain settings should be recorded to achieve 80% as above
and 80% on e_ch of the other applicable calibration defects. For
longitudinal wave, only the 0.020-inch diameter holes, with additional
holes at 1/4 and 1/2 the thickness if the thickness exceeds 0.750 inch,
shall be used for calibration.
5.7.1.2.3. Evaluation. Evaluation during inspection shall be made
against the appropriate calibration defect. For example, on bar with
shear wave, the defects on or near the far surface shall be compared
to the calibration from the far surfade notch; defects near the center
shall be compared to the calibration from the hole at the appropriate
depth; defects on the near surface shall be compared to the calibra-
tion from the near surface notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain
the equipment serial numbers, calibration amplitudes and gain settings,
and the amplitude and location of each defect whose amplitude is 60%
or greater.
5.7.1.2.5. Rejection. The above procedure shall be followed, and in-
dications of defects which exceed the magnitude obtained from the appro-
priate calibrated notch in the sample shall be cause for rejection,
unless otherwise agreed by the purchaser and vendor.
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5.7.1.3. Penetrant Inspection. The exterior surface of the product
shall be penetrant inspected and found free of flaws as specified in
paragraph 4.3 using AMS 2645, "Fluorescent Penetrant Inspection," or
AMS 2646, "Contrast Dye Penetrant Inspection." All parts thus inspected
shall be marke_with ink stamps as described in the specification; im-
pression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies
of a report showing inspection results for each lot of material in the
shipment. The report shall also include the number of the specifica-
tion and the purchase order or contract number.
5.8. Rejection. Material not conforming to/this specification or to
any authorized modification shall be subject to rejection. Unless
otherwise specified, rejected material may be returned to the manu-
facturer at the manufacturer's expense if the purchaser does not re-
ceive other instructions for disposition within three weeks after notice
of rejection.
5.9. Referee. If the manufacturer and the purchaser disagree about the
conformance of the material to the requirements of this specification
or any special test specified by the purchaser, a mutually acceptable
referee's test shall be used to determine conformance.
6. PREPARATION FOR DELIVERY
6.1. Identification. Each bundle, box or carton shall be legibly and
conspicuously marked 0_agged with the number of this specification,
purchase order or contract number, type, ingot number, lot number, nom-
inal size, and the gross, net, and tare weights. When each bundle, box
or carton consists of components from more than one ingot number or lot
number, each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge
polyethylene film or similar material and packed in a manner assuring
safe delivery when properly transported by any common carrier.
7. DEFINITIONS
7.1. Lot. A lot shall include all material of the same size, shape,
condition and finish from one heat of material and which has received
the same processing, has been annealed in the same vacuum annealing
charge and has been processed simultaneously in all operations in which
temperatures may reach 500°F or above. When process temperatures and
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environments are closely controlled or when closely adjacent sizes re-
ceive similar processing, lots may be combined for chemical, tensile
and stress-rupture tests only, provided prior written approval has been
obtained from the General Electric Company.
7.2. Check Analysis. An analysis may be requested by the purchaser
of the metal after it has been processed into finished mill forms, to
verify the composition within a heat or lot. Check analysis tolerances
do not broaden i the specified heat analysis requirements but rather
cover variations between laboratories in the measurement of the chem-
ical content.
7.3. Significance of NumericalLimits. For determining compliance
with the specified limits for requirements of the properties listed
below, an observed valueor a calculated value shall be rounded off using
the rounding-off method in ASTM Designation E29-58T, "Recommended Prac-
tices for Designating Significant Places in Specified Limiting Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and di-
mensional tolerances (when ex-
pressed decimally)
Nearest unit in the last right-
hand place of figures 6f the
specified limit
Tensile strength Neareat i00 psi
E longat ion Nearest 1%
Rupture life Nearest 0.i hour
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SPECIFICATION
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The following exception to Specification 01-O010-O0-A is:
Section 3.5_3. Check Analysis. Finished product analysis shall not exceed the
following limits or variations:
Check Analysis
Element Limits_ Max._ ppm
Hydrogen i0
Permissible Variation
in Check Analysis_ ppm
+2
Table I - Chemical Composition: The maximum hydrogen content shall not
exceed i0 ppm.
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i. SCOPE
1.1. Scope. This specification covers Mo-TZC (Mo-l.25Tl-O.15Zr-0.12C) alloy in bar and
rod form intended for high temperature structural applications in alkali metal systems.
1.2. Classes. A Recrystallized
B Stress-Relieved
2. APPLICABLE DOCUMENTS
2.1. Government Documents. None
2.2. Non-Goverment Documents
ASTM Designation E8-57T
(26 December 1957)
Method of Tension Testing of Metallic
Materials
ASTM Designation E29-58T
(1958)
ASTME112-61
(1961)
AMS 2635
(15 August 1958)
Recommended Practices for Designating
Significant Places in Specified Limiting
Values
Estimating Average Grain Size of Metals
Radiographic Inspection
AMS 2645
(1 March 1955)
Fluorescent Penetrant Inspection
AMS 2646
(1 March 1955)
Contrast Dye Penetrant Inspection
3. REQUIREMENTS
3.1. Acknowledgments. The vendor shall mention this specification in all quotations
and all purchase order acknowledgments.
3.2. Manufacture. Material covered by this specification shall be made from ingots
which have been double vacuum melted by the electron beam and/or consumable electrode
arc melting processes. Breakdown operations shall be performed with conventional ex-
truslon_ forging and rolling equipment found in primary ferrous and nonferrous plants.
3.3. Processing. The starting stock size_ processing temperatures, percentages of
reduction and in-process and final annealing_ aging or stress-relieving temperatures
and times shall be selected by the vendor to achieve the structure or grain size range
specified in paragraph 3.6 and mechanical properties specified in paragraph 3.7. The
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amount of total reduction from the turned ingot to the final products of Classes A and
B shall exceed 75%; the amount of final reduction imparted to mill products of Class
since the last recrystallization anneal and prior to the final stress-relief heat treat-
ment shall not exceed 80%. The amount of final reduction for each mill product, imparted
just prior to the final vacuum heat treatment and the total reduction since the previous
recrystallization anneal shall be reported in the certificate of compliance.
3.4. Condition
3.4.1. Class A. The finished product shall be supplied in the recrystallized condition
throughout the cross-sectional area to the grain size range specified in paragraph/3.6.
3.4.2. Class B. The finished product shall be supplied in the stress-relieved condi-
tion throughout the cross-sectional area as specified in paragraph 3.6.
3.4.3. Heat Treating. All heating shall be carried out in a vacuum less than i x 10 -4
torr or in a hydrogen atmosphere with a dew point of less than -100°F. All mill pro-
ducts to be heat treated shall be thoroughly degreased, chemically cleaned and pro-
tected from the furnace parts by an appropriate refractory metal layer. The conditions
of final heat treating shall be reported in the certificate of compliance.
3.4.4. Surface Contamination. All items are to be free of contamination or internal
oxidation determined by the following technique: representative samples of each bar
diameter shall be subject to thermal treatment sufficient to induce approximately 80%
recrystalllzation throughout the core of the cross-sectional area. Indications of
inhibited recrystallization at or near the surface by metallographic examination of
transverse sections of heat treated samples shall be construed as contamination and
be cause for rejection of all material represented by that sample. The material shall
be acceptable if the contaminated layer is completely eliminated before shipment by
a machining operation with the specified dimension and tolerances.
3.5. Chemical Composition
3.5.1. Ingot/Billet Composition. The chemical composition of ingots and billets
for conversion to finished products shall conform to Table I (page 4 ). A minimum
of four analyses shall be obtained as follows: ingot top-center, mid-radius and edge,
and ingot bottom-center; all analyses must conform to ranges stated in Table I.
3.5.2. Final Product Composition. The manufacturer's ingot analyses shall be con-
sidered the chemical analyses of products supplied under this specification (Table I)
except carbon, oxygen, nitrogen and hydrogen content which shall be determined on the
finished product.
3.5.3. Check Analysis. Finished product analysis shall not exceed the following
limits or variations:
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TABLE I
CHEMICAL COMPOSITION
Mo-TZC (Mo-l.25Ti-0.15Zr-0.12C) ALLOY
Minimum Content Maximum Content Analysls
W/o W/o Required
Molybdenum 98.50 ---
Titanium 1.20 1.30
Zirconium 0.13 0.18
Carbon 0.11 0.14
Oxygen
Nitrogen
Hydrogen
Tungsten
Silicon
Iron
Chromium
Tin
Nickel
Copper
Aluminum
Calcium
Manganese
Magnesium
Cobalt
Lead
Tantalum
Columbium
Vanadium
_--m
pp___m
20
10
5
120
50
50
25
40
20
20
20
20
20
20
20
10
100
100
50
,!h
In ot
When so
Specified
_L
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Check Analysis Permissible Variations
Element Llmits_ Max.; ppm in Check Analysisj ppm
Carbon 1100 mtn.; 1400 max. ± 50
• Oxygen 25 + 5
Nitrogen 15 + 2
Hydrogen 5 + 2
3.6. Structure
3.6.1. Class A. The grain size of the final product shall conform to the following
limits:
Product Diameter
or Thlcknessj Inches
0.125 to 0.250
Over 0.250 to 0.500
Over 0.500 to 1.0
Over 1.0 to 2.0
Greater than 2.0
3.6.2. Class B.
t
Ing limits:
3•7o
Allowable Spread
Minimum Allowable in ASTM Grain Size % Rx
ASTM Grain Size No. Nos. in Any One Item Minimum
4 2 90
4 2 90
4 2 90
4 2 90
3 3 90
The grain size of the final product shall conform to the follow-
Product Diameter
or Thlckness_ Inches
0.125 to 0.250
Over 0.250 to 0.500
Over 0.500 to 1.0
Over 1.0 to 2.0
Greater than 2.0
Mechanlcal Properties.
% Rx
Maximum
5
5
5
5
5
The flnal product shall satisfy the followlng mechanlcal
property requirements:
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3.7.1. Room Temperature Tensile Properties (Tentative). Representative samples of
the material in flnal form shall be capable of the following property limits at room
temperature (65°-85°F).
Ultimate Tensile 0.2% Yield Elong. j %
Strength_ ksi Strength_ ksi in 4D
Class Minimum Maximum Minimum Maximum Minimum"
A 80 110 60 90 5
B* 125 175 100 540 15
* Parallel to the Direction of Work.
3.7.2. Stress-To-Rupture Tests (Tentative). The material shall be capable of achieve-
ing the following stress-rupture life under suitable environmental conditions (see
paragraph 5.4.3).
Test Temp. Minimum Life
Class °F 8tress_ ksl Hours
A 2400 35 20
B* 2400 30 20
* Parallel to the Direction of Work.
3.8. Tolerances
3.8.1. Rolled_ Swaged or Drawn Rounds
3.8.1.1. Definition. Rod - 3.5 inches in diameter or less.
3.8.1.2. Diameter. The permissible variation in diameter and the limits of out-
of-roundness of descaled rounds shall not exceed those in Table II (refer to page 7).
3.8.1.3. Cut Lengths. Maximum length variation shall be 0.25 inch.
3.8.1.4. Straightness. Maximum deviation shall be 0.050 inch per foot in any length.
3.8.2. Square or Rectangular Bar
3.8.2.1. Definition. Bar - any straight product with a rectangular cross section
0.187 inch or more thick and less than 5 inches wide.
3.8.2.2. Dimensions. Unless otherwise speclfiedj forged or rolled3 square or
rectangular shapes shall have the following tolerances:
-_2 94-
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TABLE II
PERMISSIBLE DIMENSIONAL VARIATIONS FOR ROUND BAR
Diameter
Inches
0.125 to 0.281
Over 0.281 to 0.406
Over 0.406 to 0.625
Over 0.625 to 0.875
Over 0.875 to 1.000
Over 1.000 to 1.375
Over 1.375 to 1.500
Over 1.500 to 1.625
Over 1.625 to 2.000
Over 2.000 to 2.500
Over 2.500 to 3.250
Over 3.250 to 3.500
Centerless Ground Rounds
0.0625 to 2.00
Over 2.00
Diameter
Variation
Inch
+0.002, -0.002
+0.010, -0.005
+0.010, -0.005
+0.015, -0.005
+0.020, -0.005
+0.020_ -0.010
+0.020, -0.015
+0.025, -0.015
+0.030, -0.020
+0.032, -0.032
+0.032, -0.032
+0.045, -0.045
Out-of-Roundness
Inch
0.004
0.008
0.012
0.015
0.015
0.018
0.020
0.020
0.025
0.025
0.027
0.040
+0.002, "0.002
+0.003, -0.002
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Thickness Length Width
± 0.025 inch or ± 5%,
whichever is less
± 0.125 inch ± 0.125 inch
3.8.2.3. Straightness of Bar. Maximum deviation shall be 0.050 inch per foot in any
length.
3.9. Reports. The manufactuer shall supply at least three copies of a report show-
ing non-proprietary manufacturing methods, processing conditions, and test procedures
and results for each lot of material in the shipment. The report shall also include
the number of the specification and the purchase order or contract number.
4. MAXIMUM ALLOWABLE DISCONTINUITIES
4.1. General. The finished product shall be visibly free from oxide or scale of
any nature, grease, oil, residual lubricants, and other extraneous materials. Cracks,
laps, seams, gouges, and fins shall be unacceptable.
4.2. Porosity and Inclusions. Indications of internal porosity and non-metallic
inclusions greater than 0.020 inch or 3% of the thickness, whichever is smaller, shall
be unacceptable. Those indications in the range 0.010 inch to 0.020 inch or 2% of the
thickness or diameter, whichever is smaller, shall be a minimum of 0.500 inch apart;
those indications less than 0.010 inch shall be a minimum of 0.12 inch apart.
4.3. Surface Rework. All surface pores, gouges, and other defects deeper than 0.005
inch or 3% of the thickness, whichever is smaller shall be unacceptable. Surface
imperfections may be faired smooth to remove any notch effect provided dimensional
tolerances are still maintained.
5. QUALITY ASSURANCE PROVISIONS
5.1. Vendor Responsibility. The manufacturer shall make all tests and inspections
of the material covered by this specification before shipment, unless otherwise
specified. All test and inspection results shall be furnished to the purchaser.
5.2. Customer Review. The purchaser or his representative may witness the testing
and inspection of the material. The manufacturer shall give the purchaser ample
notice of the time and place of designated tests. If the purchaser's representative
is not present at this time and a new date is not set, the requirement for purchaser's
inspection at the place of testing is waived. When the purchaser's representative is
present at the appointed time and place, the manufacturer shall afford him, without
charge, all reasonable facilities to assure that the material is being furnished in
accordance with this specification. This inspection shall not interfere unnecessarily
with production operations.
5.3. Sample SeleCtion. Care shall be exercised to insure that the samples selected
for testing and chemical analyses are representative of the material and uncontam-
inated by the sampling procedure. Samples for the determination of mechanical properties
shall be selected so as to consume a minimum amount of material, i.e., specimens from
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material of Class A may be taken transverse to the final working direction from bar of
sufficient width or from rod greater than 2 inches in diameter. If there is any ques-
tion about the sampling technique or the analysis_ the methods for sampling and analysis
shall be those agreed to by the buyer and seller. The location of all test samples
shall be reported in the certificate of compliance.
5.4. Test Methods
5.4.1. Chemical Analysis. Chemical analyses shall be conducted by mutually accept-
able procedures_ such as the vacuum fusion methods for gasesj the combustion method
for carbon_ and the spectrochemical methods for metallic elements. Disputes shall be
settled by accepted referee methods.
5.4.2. Tensile Test. The tensile test shall be conducted in accordance with ASTM
Designation E8-57T; "Methods of Tension Testing of Metallic Materials." Yield strength
shall be determined by the offset (0.2%) method. The tensile properties shall be
determined using a strain rate of 0.005 inch per inch per minute up to 0.6% Offset
and then 0.050 inch, plus or minus 0.02 inch_ per inch per minute to fracture.
5.4.3. Stress-Rupture Test. Stress-rupture properties of specimens shall be deter-
mined by mutually acceptable testing techniques. Suggested testing techniques for
determining stress-rupture properties are:
Specimens shall be tested in a vacuum of 1 x 10 -5 torr or better. The
vacuum system shall incorporate an optically tight liquid nitrogen cold
trap or a getter-ion pump.
Specimens shall be held for a half hour at the test temperature before
application of load.
Test temperature shall be maintained at plus or minus 10°F during the test.
5.4.4. Grain Size. Grain size determinations shall be made according to ASTM Speci-
fication El12-61, "Estimating the Average Grain Size of Metals."
5.5. Number of Tests Required. Representative test specimens from the finished pro-
duct representing each ingot and each lot of material shall be taken to determine con-
formity to this specification. The minimum frequency of these tests shall be:
Finished Product Chemistry - one per lot per ingot
Tensile Test - two per lot per ingot
Stress-Rupture Test - two per lot per ingot
Grain Size - two per lot per ingot
5.6. Retest and Rework
5.6.1. Surface Contamination. Any sample or specimen exhibiting obvious surface
contamination or improper preparation which disqualifies it as a truly representative
sample shall be replaced with a new sample.
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5.6.2. Rework. If inspection and test results of a lot do not conform to the require-
ments of this specification, the lot may be reworked at the option of the manufacturer.
The lot shall be acceptable if all test results, after reworking, conform to this speci-
fication.
5.7. Inspection
5.7.1. Methods of Inspection
5.7.1.1. Radiographic. Whenever specified, the product shall be radiographed and
found free of porosity and inclusions as specified in paragraph 4.2 using the tech-
nique described in AMS 2635, "Radiographic Inspection." The radiographs and product
shall be identified so the exact position of each radiograph can be correlated withthe
specific area on the particular product.
5.7.1.2. Ultrasonic. All material O.125-inch diameter and larger shall be inspected
ultrasonically.
5.7.1.2.1. Method and Equipment. The finished product shall be ultrasonically in-
spected by the immersed technique at 5 mc or above. Transducers shall be no larger
than 0.75-inch diameter. Surface finishes shall be no rougher than 125 rms. Inspec-
tion shall be by longitudinal wave and by shear wave in two perpendicular directions,
i.e., longitudinal and transverse and shall be with focused transducers appropriate
to the diameter being inspected (360 degree transducers are allowable where appropriate).
Automatic equipment which traverses a spiral path is satisfactory; but three traverses
shall be made, one with the transducers in the circumferential shear position, one with
the transducer in the axial shear position, and one with the transducer in the longi-
tudinal wave position, unless otherwise specified.
5.7.1.2.2. Calibration of Bar and Rod. Calibration shall be on notches and holes in
a segment of the material reserved solely for calibration purposes or in a calibration
specimen of similar nature and shape. The depth of the notches shall be 3% of the bar
thickness, 1.5% of the rod diameter, or 0.005 inch, whichever is smaller; the width, no
greater than depth; the length, greater than beam width. The notches shall be placed
perpendicular to the direction of the shear wave beam and perpendicular to the surface,
e.g., axial and circumferential notches on bar. In addition to the notches, a 0.020-
inch diameter hole shall be made at least 0.5-inch deep in the calibration piece
parallel to the surface at a distance from the surface of 1/2 the thickness or diameter
or, if the thickness exceeds 0.750 inch, 1/4, 1/2 and 3/4 the thickness. Calibration
settings to achieve 80% amplitude of these notches or holes along with the magnitude
of the other applicable calibration defects shall be recorded. For example, on bar
with shear wave, the notch on the near surface should be set at 80% and the amplitude
recorded for the indications from the hole and the notch on the far surface. Gain
settings should be recorded to achieve 80% as above and 80% on each of the other
applicable calibration defects. For longitudinal wave, only the O.020-inch diameter
holes, with additional holes at 1/4 and 1/2 the thickness if the thickness exceeds
0.750 inch, shall be used for calibration.
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5.7.1.2.3. Evaluation. Evaluation during inspection shall be made against the appr0"
priate calibration defect. For example, on bar with shear wave, the defects on or
near the far surface shall be compared to the calibration from the far surface notch;
defects near the center shall be compared to the calibration from the hole at the appro-
priate depth; defects on the near surface shall be compared to the calibration from the
near surface notch.
5.7.1.2.4. Reports. The ultrasonic inspection report shall contain the equipment
serial numbers, calibration amplitudes and gain settings, and the amplitude and loca-
tion of each defect whose amplitude is 60% or greater.
5.7.1.2.5. Rejection. The above procedures shall be followed and indications of
defects which exceed the magnitude obtained from the appropriate calibrated notch in
the sample shall be cause for rejection, unless otherwise agreed by the purchaser and
vendor.
5.7.1.3. Penetrant Inspection. The exterior surface of the product shall be penetrant
inspected and found free of flaws as specified in paragraph 4.3 using AMS 26453 "Fluor-
escent Penetrant Inspection," or AMS 2646, "Contrast Dye Penetrant Inspection." All
parts thus inspected shall be marked with ink stamps as described in the specification;
impression stampings or etching shall be unacceptable.
5.7.1.4. Reports. The manufacturer shall supply at least three copies of a report
Showing inspection results for each lot of material in the shipment. The report shall
also include the number of the specification and the purchase order or contract number.
5.8. Rejection. Material not conforming to this specification or to any authorized
modification shall be subject to rejection. Unless otherwise specified; rejected
material may be returned to the manufacturer at the manufacturer's expense if the pur-
chaser does not receive other instructions for disposition within three weeks after
notice of rejection,
5.9. Referee. If the manufacturer and the purchaser disagree about the conformance
of the material to the requirements of this specification or any special test specified
by the purchaser, a mutually acceptable referee's test shall be used to determine con-
formance.
I
6. PREPARATION _OR DELIVERY
6.1. Identification. Each bundle, box or carton shall be legibly and conspicuously
marked or tagged with the number of this specification; purchase order or contract
number; type; ingot number_ lot number 3 nominal size; and the gross_ net_and tare
weights. When each bundle, box or carton consists of components for more than one
ingot number or lot number_ each component shall be identified individually.
6.2. Packing. Each individual item shall be wrapped in heavy gauge polyethylene film
or similar material and packed in a manner assuring safe delivery when properly trans-
ported by any common carrier.
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7. DEFINITIONS
7.1. Lot. A lot shall include all material of the same sizej shapej condition and
finish from one heat of material and which has received the same processing_ has been
annealed in the same vacuum annealing charge and has been processed simultaneously
in all operations in which temperatures may reach 500°F or abo_e. When process temper-
atures and environments are closely controlled or when closely adjacent sizes receive
similar processlng_ lots may be combined for chemlcal 3 tensile_ and stress-rupture
tests onlyj provided prior written approval has been obtained from:the General Electric
Company.
7.2. Check Analysis. An analyslsj made or requested by the purchaser of the metal
after it has been processed into finished mill formsj to verify the composition with
a heat or lot. Check analysis tolerances do not broaden the specified heat analysis
requirements but rather cover variations between laboratories in the measurement of the
chemical content.
7.3. Significance of Numerical Limits. For determining compliance with the specified
limits for requirements of the properties listed below_ an observed value or a calcu-
lated value shall be rounded off using the roundlng-off method in ASTM Designation
E29-58Tj "Recommended Practices for Designating Significant Places in Specified Limit-
ing Values."
Test
Rounded-Off Unit for
Observed or Calculated Value
Chemical composition and dimen-
sional tolerances (when expressed
decimally)
Nearest unit in the laS_;right -
hand place of figures of the
specified limit
Tensile strength Nearest i00 psi
Elongation Nearest i%
Rupture Life Nearest 0.i hour
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Exceptions to specification No. OI-0011-00-C:
Paragraph 3.2. Manufacture is changed to read: "Materlal covered by this specifica-
tion shall be made from ingots which have been single vacuum melted by the electron
beam and/or consumable electrode arc meltlng processes; etc."
Paragraph 3.3. Processing is changed to read: "...... the amount of final reduction
imparted to mill products of Class B since the last recrystallizatlon anneal and prior
to the final stress-relief heat treatment shall not exceed 85%_ etc."
Paragraph 3.4.4. Surface Contamination _equlrement is deleted..:
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